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 2 MATHEMATICAL MODEL
The
com
put
er
mod
el
used
in t
his
stud
y wa
s de
velo
ped
on t
he “
box
” co
ncep
t an
d
inco
rpor
ates
both
wet
and
dry
depo
siti
on c
omp
one
nts
. A
deta
iled
desc
ript
ion
of
its
dev
elo
pme
nt
and
tes
tin
g i
s c
ont
ain
ed
in
the
rep
ort
"At
mos
phe
ric
Loa
din
g o
f
the
Upp
er
Gre
at
Lak
es"
, A
cre
s—E
SC
197
5.
The
fol
low
ing
is a
brie
f s
umm
ary
of
the
sali
ent
feat
ures
of
this
mod
el,
indi
cati
ng
mod
ifi
cat
ion
s t
hat
wer
e m
ade
to
input data.
2.1 Model Description
The
mod
el
is b
ase
d o
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he
“bo
x”
con
cep
t,
abl
e t
o h
and
le
25
rec
ept
or
loc
ati
ons
and
up
to
30
reg
ion
al
emi
ssi
on
sou
rce
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CaI
Cul
ati
ons
are
car
rie
d o
ut
on
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ail
y
tim
e
ste
p
wit
h
Out
put
in
the
for
m
of
mon
thl
y
and
yea
rly
sum
mar
ies
of
air
poll
utan
t co
ncen
trat
ions
and
wet
and
dry
load
ings
of t
he p
ollu
tant
s.
The
mod
el
is d
riv
en
by
the
met
eor
olo
gic
al
dat
a f
ile
con
tai
nin
g t
he
fol
low
ing
dai
ly
averaged data:
-—
mea
n w
ind
spe
ed
and
dire
ctio
n t
hro
ugh
the
mix
ing
hei
ght
precipitation amounts and durations
-
air
mas
s t
ype
whi
ch
gov
ern
s t
he
mix
ing
hei
ght
and
dis
per
sio
n an
gle
of
the
llboxllI
This
data
file
has
been
expa
nded
from
the
origi
nal
14 st
ation
s (A
cres
-ESC
1975
)
to
inc
lud
e
Kin
gst
on,
Mon
tre
al,
Alb
any
and
La
Gua
rdi
a
Air
por
t,
thu
s
acc
omm
oda
tin
g t
he
add
iti
on
of e
mis
sio
n s
our
ces
alo
ng
the
east
ern
sea
boa
rd
of
the
Unit
ed
Stat
es
(see
Subs
ecti
on
2.2
- E
miss
ion
Data
), s
ome
of w
hic
h c
ontr
ibut
e
significantly to loadings on the Lower Great Lakes.
Met
eor
olo
gic
al
dat
a f
or
197
4 w
ere
use
d t
hro
ugh
out
this
stu
dy.
Pre
vio
us
com
put
er
run
s u
sin
g
197
2 a
nd
197
3
dat
a i
ndi
cat
ed
var
iat
ion
s i
n y
ear
ly
loa
din
g r
ate
s o
f u
p
to
20
per
cen
t b
eca
use
of
ann
ual
cli
mat
ic
dif
fer
enc
es
(Ac
res
—ES
C 1
975
).
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.
F
o
l
l
o
w
i
n
g
t
h
e
U
p
p
e
r
G
r
e
a
t
L
a
k
e
s
re
po
rt
,
t
h
e
w
a
s
h
o
u
t
co
ef
fi
ci
en
t
(
M
g
o
v
e
r
n
i
n
g
w
e
t
de
po
si
ti
on
ha
s
b
e
e
n
c
h
o
s
e
n
as
6 x 10‘51 (sec") or
3 x 10‘51 (sec'1)
l
l
gases )\
particulates 7\
Wh
er
e
I
is
th
e
pr
ec
ip
it
at
io
n
in
te
ns
it
y
in
m
m
ho
ur
‘1
.
Th
e
de
po
si
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ve
lo
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(v
d)
go
ve
rn
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g
dr
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de
po
si
ti
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ha
s
be
en
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os
en
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ga
se
s
vd
=
.
O
i
m
s
e
c
'
1
pa
rt
ic
ul
at
es
vd
=
.0
01
ms
ec
'1
At
mo
sp
he
ri
c
ox
id
at
io
n
ra
te
s
ha
ve
be
en
in
co
rp
or
at
ed
in
th
e
mo
de
l
to
de
te
rm
in
e
th
e
pr
op
or
ti
on
of
ga
se
ou
s
$0
2
to
pa
rt
ic
ul
at
e
su
lp
ha
te
($
04
)
in
th
e
ai
r
re
ac
hi
ng
a
re
ce
pt
or
ca
lc
ul
at
io
n
po
in
t
in
th
e
Gr
ea
t
La
ke
s
ba
si
n.
Th
e
ap
pr
op
ri
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e
7i
an
d
vd
ar
e
th
en
ap
pl
ie
d
to
th
es
e
pr
op
or
ti
on
s.
Th
es
e
ox
id
at
io
n
ra
te
s
we
re
ba
se
d
on
a
su
rv
ey
of
th
e
li
te
ra
tu
re
as
di
sc
us
se
d
in
th
e
Up
pe
r
Gr
ea
t
La
ke
s
re
po
rt
an
d
ar
e
su
mm
ar
iz
ed
as follows.
  
Zo
ne
De
sc
ri
pt
io
n
80
2
Ha
lf
Li
fe
(hours)
1
Wi
th
in
16
km
of
po
we
r
0.
2
-—
4
plants and heavy industry
2
Mo
re
th
an
16
km
fr
om
ma
in
10
—-
15
power plants and industrial
areas
3
Ave
rag
e n
onu
rba
n a
reas
40
— 5
0
4
Cou
ntr
ysi
de,
unp
oll
ute
d
100
+
2.2 Emission Data
Regi
onal
emis
sion
s ar
e in
put
dire
ctly
to t
he m
ode
l a
nd
are
tran
spor
ted,
diff
used
and
dep
osi
ted
acc
ord
ing
to
the
met
eor
olo
gy,
oxi
dat
ion
rate
s a
nd
wet
and
dry
depo
siti
on
rate
s de
scri
bed
in S
ubse
ctio
n 2.
1. T
he
proc
edur
e fo
r de
term
inin
g th
ese
emissions, as detailed in the Upper Great Lakes report (Acres—ESC 1975),
includes the following steps.
  
(a
)
Ob
ta
in
in
g
fr
om
On
ta
ri
o
Mi
ni
st
ry
of
En
vi
ro
nm
en
t
(M
OE
)
an
d
Un
it
ed
St
at
es
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(U
S.
EP
A)
ai
r
qu
al
it
y
da
ta
on
an
nu
al
em
is
si
on
s
of
$0
2,
ox
id
es
of
ni
tr
og
en
(N
OX
),
an
d
to
ta
l
pa
rt
ic
ul
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es
fo
r
all
co
nt
ro
l
re
gi
on
s
in
an
d
ar
ou
nd
(u
p
to
60
0
km
)
th
e
Gr
ea
t
La
ke
s
dr
ai
na
ge
basin.
(b
)
Gr
ou
pi
ng
th
e
ma
jo
r
po
ll
ut
an
ts
(5
02
,
N
O
x
an
d
pa
rt
ic
ul
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es
)
in
to
re
gi
on
al
sources for model input.
(c
)
De
te
rm
in
in
g
co
ns
ti
tu
en
t
br
ea
kd
ow
n
of
th
e
pa
rt
ic
ul
at
e
em
is
si
on
s
in
to
nu
tr
ie
nt
an
d
tr
ac
e
me
ta
l
co
mp
on
en
ts
.
Em
is
si
on
s
da
ta
us
ed
fo
r
th
e
La
ke
Mi
ch
ig
an
an
d
Up
pe
r
Gr
ea
t
La
ke
s
ba
si
n
lo
ad
in
g
ca
lc
ul
at
io
ns
ar
e
th
e
sa
me
as
fo
r
th
e
Up
pe
r
Gr
ea
t
La
ke
s,
ex
ce
pt
fo
r
a
fe
w
mo
di
fi
ca
ti
on
s
to
th
e
Ca
na
di
an
so
ur
ce
s
ba
se
d
on
up
da
te
d
in
fo
rm
at
io
n
fr
om
th
e
On
ta
ri
o
M
O
E
.
Th
e
fi
na
l
ta
bu
la
ti
on
of
mo
de
l
so
ur
ce
em
is
si
on
s
is
pr
es
en
te
d
in
Figure 2.1.
Th
e
fo
ll
ow
in
g
mo
di
fi
ca
ti
on
s
to
th
e
em
is
si
on
da
ta
we
re
ma
de
fo
r
ca
lc
ul
at
in
g
th
e
La
ke
Er
ie
an
d
La
ke
On
ta
ri
o
lo
ad
in
gs
.
(a
)
Th
e
mo
re
di
st
an
t
so
ur
ce
s
to
th
e
no
rt
hw
es
t
we
re
co
mb
in
ed
wh
er
e
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ac
ti
ca
l.
(b
)
Th
e
Ma
ni
to
ba
so
ur
ce
wa
s
el
im
in
at
ed
.
(c
)
Fo
ur
ne
w
so
ur
ce
s
we
re
in
cl
ud
ed
at
Al
ba
ny
,
Bo
st
on
,
N
e
w
Yo
rk
an
d
Philadelphia.
Th
e
fi
na
l
ta
bu
la
ti
on
of
em
is
si
on
da
ta
us
ed
fo
r
th
e
L
o
we
r
Gr
ea
t
La
ke
s
(E
ri
e
an
d
On
ta
ri
o)
is
pr
es
en
te
d
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Fi
gu
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2.
2.
2.
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Tr
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An
al
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Th
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fo
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ur
e
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s
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te
st
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e
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ra
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of
th
e
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at
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l
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re
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g
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po
ll
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te
d
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ys
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wi
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—
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e
we
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da
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ly
se
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-h
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g
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y
8
5
0
m
b
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ap
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e
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e
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r
th
e
tr
aj
ec
to
ry
ba
se
d
o
n
th
e
ai
r
m
a
s
s
ty
pe
as
di
sc
us
se
d
in
A
c
r
e
s
—
E
S
C
19
75
,
ea
ch
oc
cu
rr
en
ce
of
a
so
ur
ce
pl
um
e
re
ac
hi
ng
on
e
of
th
e
st
ud
y
la
ke
s
wa
s
re
co
rd
ed
—
th
e
sa
me
pr
oc
ed
ur
e
wa
s
re
pe
at
ed
us
in
g
th
e
wi
nd
da
ta
em
pl
oy
ed
in
th
e
mo
de
l,
wi
th
th
e
mo
di
fi
ca
ti
on
th
at
th
e
bo
x
an
gl
e
wa
s
60
de
gr
ee
s
pl
us
th
e
di
sp
er
si
on
an
gl
e
us
ed
in
th
e
ab
ov
e
st
ep
;
in
th
e
mo
de
l,
on
ly
th
e
wi
nd
at
th
e
so
ur
ce
re
gi
on
is
us
ed
fo
r
po
ll
ut
an
t
tr
an
sp
or
t,
wi
th
no
cu
rv
at
ur
e
in
th
e
tr
aj
ec
to
ri
es
to
th
e
re
ce
pt
or
.
Th
e
re
su
lt
s
of
th
is
te
st
ar
e
pr
es
en
te
d
in
Ta
bl
e
2.
1.
T
w
o
ca
se
s
ar
e
co
ns
id
er
ed
fo
r
ea
ch
la
ke
.
Th
e
fi
rs
t
co
ns
id
er
ed
on
ly
th
e
do
mi
na
nt
so
ur
ce
s
wh
ic
h
ac
co
un
te
d
fo
r
75
pe
rc
en
t
of
th
e
to
ta
l
lo
ad
in
gs
,
an
d
th
e
se
co
nd
co
ns
id
er
ed
all
so
ur
ce
s.
Us
in
g
on
ly
th
e
do
mi
na
nt
so
ur
ce
s,
80
pe
rc
en
t
of
th
e
tr
aj
ec
to
ry
lo
ad
in
g
oc
cu
rr
en
ce
s
we
re
du
pl
ic
at
ed
by
th
e
mo
de
l.
Ho
we
ve
r,
wh
en
th
e
ad
di
ti
on
al
so
ur
ce
s
re
pr
es
en
ti
ng
th
e
re
ma
in
in
g
25
pe
rc
en
t
of
th
e
to
ta
l
lo
ad
in
g
we
re
in
cl
ud
ed
,
th
is
ag
re
em
en
t
dr
op
pe
d
to
as
lo
w
as
60
pe
rc
en
t
in
th
e
ca
se
of
La
ke
Su
pe
ri
or
.
Be
ca
us
e
of
th
e
la
rg
er
di
sp
er
si
on
an
gl
e
us
ed
in
th
e
mo
de
l,
th
e
nu
mb
er
of
lo
ad
in
g
oc
cu
rr
en
ce
s
pr
ed
ic
te
d
by
th
e
mo
de
l
co
ns
is
te
nt
ly
ex
ce
ed
ed
th
e
nu
mb
er
of
tr
aj
ec
to
ry
oc
cu
rr
en
ce
s.
Th
is
va
lu
e
ha
s
be
en
pr
es
en
te
d
in
Ta
bl
e
2.
1
as
a
pe
rc
en
ta
ge
of
th
e
tr
aj
ec
to
ry
oc
cu
rr
en
ce
s.
It
is
in
te
re
st
in
g
to
no
te
th
at
fo
r
th
e
la
ke
s
th
at
ar
e
ce
nt
ra
l
to
th
e
em
is
si
on
so
ur
ce
s
(i.
e.
La
ke
s
Er
ie
,
Hu
ro
n
an
d
Mi
ch
ig
an
),
th
e
nu
mb
er
of
so
ur
ce
s
do
mi
na
ti
ng
th
e
lo
ad
in
g
is
8
co
mp
ar
ed
wi
th
11
an
d
12
fo
r
La
ke
s
Su
pe
ri
or
an
d
On
ta
ri
o,
re
sp
ec
ti
ve
ly
.
In
ad
di
ti
on
,
th
er
e
is
a
be
tt
er
ag
re
em
en
t
in
te
rm
s
of
ove
ral
l
lo
ad
in
g
oc
cu
rr
en
ce
s
be
tw
ee
n
th
e
mo
de
l
an
d
th
e
tr
aj
ec
to
ry
ana
lys
is,
va
ry
in
g
fr
om
11
3
pe
rc
en
t
in
th
e
ca
se
of
La
ke
Mi
ch
ig
an
to
12
4
pe
rc
en
t
for
La
ke
Eri
e.
La
ke
s S
up
er
io
r
an
d O
nt
ar
io
sh
ow
sig
nif
ica
ntl
y h
igh
er
pe
rc
en
ta
ge
s
at
168 and 174, respectively.
It
is
app
are
nt
tha
t a
s t
he
sou
rce
s b
ec
om
e
mo
re
dis
tan
t t
he
mo
de
l t
end
s t
o s
pre
ad
the
pol
lut
ant
s
ove
r
a
lar
ger
are
a,
the
reb
y
bec
omi
ng
less
rep
res
ent
ati
ve
of
the
act
ual
tra
jec
tor
ies
.
How
eve
r,
for
the
do
mi
na
nt
sou
rce
s
whi
ch
acc
oun
t
for
75
per
cen
t o
f t
he
tot
al
loa
din
g t
he
agr
eem
ent
is q
uit
e a
cce
pta
ble
. T
he
fac
t t
hat
the
mor
e d
ist
ant
sou
rce
s l
oad
the
lak
es
mor
e f
req
uen
tly
tha
n w
oul
d b
e p
red
ict
ed
by
the
traj
ecto
ries
may
be
com
pen
sat
ed
by
the
red
uce
d c
onc
ent
rat
ion
s in
the
plu
me
that result from the significantly larger dispersion angle.
TABLE 2.1
T
R
A
J
E
C
T
O
R
Y
A
N
D
M
O
D
E
L
C
O
M
P
A
R
I
S
O
N
(M
ea
n
wi
nd
th
ro
ug
h
th
e
mi
xi
ng
pa
th
)
 
PercentageM
No. of Percentage“ Occurrence
Sources Agreement Model/Trajectory
Lake Ontario
75
pe
rc
en
t
of
lo
ad
in
g
12
81
17
4
To
ta
l
lo
ad
in
g
30
79
17
3
Lake Erie
75
pe
rc
en
t
of
lo
ad
in
g
8
80
12
4
To
ta
l
lo
ad
in
g
30
75
14
3
Lake Huron
75
pe
rc
en
t
of
lo
ad
in
g
8
78
12
2
To
ta
l
lo
ad
in
g
30
69
12
1
Lake Michigan
75
pe
rc
en
t
of
lo
ad
in
g
8
80
11
3
To
ta
l
lo
ad
in
g
30
76
14
2
Lake Superior
75
pe
rc
en
t
of
lo
ad
in
g
11
80
16
8
To
ta
l
Lo
ad
in
g
30
60
13
8
*N
um
be
r
of
oc
cu
rr
en
ce
s
fo
r
wh
ic
h
th
e
mo
de
l
in
di
ca
te
s
lo
ad
in
g
on
th
e
sa
me
da
y
as
th
e
tr
aj
ec
to
ri
es
,
ex
pr
es
se
d
as
a
pe
rc
en
ta
ge
of
th
e
tr
aj
ec
to
ry
lo
ad
in
g
oc
cu
rr
en
ce
s.
**
To
ta
l
nu
mb
er
of
mo
de
l
lo
ad
in
g
oc
cu
rr
en
ce
s,
ex
pr
es
se
d
as
a
pe
rc
en
ta
ge
of
th
e
trajectory loading occurrences.
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ANALYSIS OF FIELD DATA
Meas
urem
ents
of p
recip
itati
on c
hemi
stry
were
colle
cted
for
the
peri
od 1
973
—
197
4 in
orde
r to
esti
mate
atmo
sphe
ric
depo
siti
on o
f se
lect
ed p
aram
eter
s on
Lake
s
Ont
ari
o
and
Eri
e
and
dra
ina
ge
basi
ns
16,
17,
21
and
22
(Fi
gur
e 4
.1).
In
addi
tion
, m
aps
show
ing
aver
age
atmo
sphe
ric
load
ings
as w
ell
as s
easo
nal
vari
atio
ns
in d
epos
itio
n we
re o
btai
ned
fro
m th
e me
aSu
rem
ent
s of
prec
ipit
atio
n ch
emis
try.
Dat
a w
ere
com
pil
ed
into
a c
omm
on
file
fro
m m
eas
ure
men
ts
tak
en
by
McM
ast
er
Uni
ver
sit
y (
MU)
, C
ana
da
Cen
tre
for
Inl
and
Wat
ers
(CC
IW)
, U
.S.
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
,
Gro
sse
Isle,
Mic
hig
an
and
Mic
hig
an
Wat
er
Res
our
ces
Com
mis
sio
n
(E
PA
—Ml
CH
),
Atm
osp
her
ic
Env
iro
nme
nt
Ser
vic
e
(AE
S),
U.S
.
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
,
Roc
hes
ter
,
Ne
w
Yor
k
(E
PA
—NY
),
the
Univ
ersi
ty o
f W
inds
or
(UW
),
U.S.
Geol
ogic
al S
urve
y, A
lban
y, N
ew
Yor
k (
USG
S),
and Cornell University (CO).
3.1 Sampling and Analysis
Fig
ure
3.1
sho
ws
the
dis
tri
but
ion
of
pre
cip
ita
tio
n c
hem
ist
ry
sta
tio
ns
fro
m w
hic
h
dat
a
we
re
ob
ta
in
ed
for
thi
s
stu
dy.
Mo
nt
hl
y
bu
lk
sa
mp
le
s
we
re
ob
ta
in
ed
for
sta
tio
ns
ope
rat
ed
by
MU
,
CC
IW
,
EP
A-
MI
CH
,
UW
and
the
US
GS
.
MU
,
EP
A—
MI
CH
an
d
UW
use
d
an
unh
eat
ed
cyl
ind
ric
al
col
lec
tor
wit
h
an
Alt
er
Shi
eld
(se
e
Fig
ure
3.2
,
Ac
re
s—
ES
C
197
5).
Th
e
US
GS
sam
ple
r
con
sis
ted
of
a
hea
ted
col
lec
tor
wit
h
a p
yre
x
gla
ss
fun
nel
. C
Cl
W
em
pl
oy
ed
bot
h
cyl
ind
ric
al
and
hea
ted
gla
ss
fun
nel
col
lec
tor
s
at
mo
st
of
the
ir
sta
tio
ns
on
a m
on
th
ly
bas
is.
Dat
a
fr
om
EP
A—
NY
an
d
AE
S
are
for
we
t
onl
y
dep
osi
tio
n o
n
a m
on
th
ly
bas
is.
Dat
a f
or
CO
exi
st
for
mo
nt
hl
y
bul
k,
we
t
onl
y,
an
d
ind
ivi
dua
l
pre
cip
ita
tio
n e
ven
ts.
Tab
le
3.1
is
a l
ist
of
par
ame
ter
s t
hat
are
con
sid
ere
d
in
thi
s s
tud
y.
Th
e t
abl
e l
ists
the
co
de
num
ber
s,
acr
ony
ms,
an
d
uni
ts
of
con
cen
tra
tio
n
an
d
loa
din
g
use
d
throughout the study.
Ta
bl
e
3.
2
lis
ts
sta
tio
ns,
the
ir
lat
itu
des
an
d
lo
ng
it
ud
es
,
an
d
th
e
co
de
nu
mb
er
s
of
var
iab
les
tha
t w
er
e
me
as
ur
ed
at
ea
ch
gr
ou
p
of
sta
tio
ns.
No
t
all
of
th
e
st
at
io
ns
we
re
op
er
at
iv
e
du
ri
ng
th
e
en
ti
re
pe
ri
od
19
73
—
19
74
.
Ta
bl
e
3.
3
lis
ts
th
e
pe
rc
en
ta
ge
of
th
e s
am
pl
in
g
pe
ri
od
fo
r w
hi
ch
da
ta
we
re
ava
ila
ble
to
ob
ta
in
an
av
er
ag
e
lo
ad
in
g
es
ti
ma
te
fo
r
ea
ch
sta
tio
n.
Ge
om
et
ri
c
av
er
ag
es
we
re
ob
ta
in
ed
fo
r
ea
ch
st
at
io
n
fo
r t
he
ti
me
pe
ri
od
co
ns
id
er
ed
, a
nd
th
es
e
da
ta
we
re
us
ed
to
ob
ta
in
co
nt
ou
r
ma
ps
of
ar
ea
l
de
po
si
ti
on
ra
te
s
an
d
es
ti
ma
te
s
of
lo
ad
in
g.
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The geometric average value for a parameter at a station was not modified to take
into consideration the percentage of the study period within which the parameter
was measured.
The data file was formulated as follows: all data used in this study derived from
data
prev
ious
ly
accu
mula
ted
by
othe
r a
genc
ies.
All
data
subm
itte
d b
y t
hese
agencies were processed into the data file. The instances in which data were
del
ete
d f
rom
the
file
occ
urr
ed
onl
y a
t t
he
sug
ges
tio
n o
f t
he
age
ncy
. C
are
ful
atte
ntio
n wa
s pa
id t
o co
mpat
ibil
ity
of d
ata
fro
m di
ffer
ent
agen
cies
. In
part
icul
ar,
unit
s a
nd
the
exac
t n
atur
e o
f p
aram
eter
(tota
l, f
ilte
red)
were
chec
ked
very
caref
ully.
Volu
me o
f sa
mple
was
not
meas
ured
for w
et o
r bul
k sa
mple
rs o
pera
ted
by
EPA
—NY
,
USG
S a
nd
CO.
Prec
ipit
atio
n d
ata
fro
m s
tand
ard
mete
orol
ogic
al
gau
ges
wer
e
emp
loy
ed
in
the
se
case
s t
o
est
ima
te
loa
din
gs
fro
m
con
cen
-
trat
ion
data
.
Info
rmat
ion
rega
rdin
g e
mpl
ace
men
t a
nd
remo
val
of
samp
les
was
inc
omp
let
e
for
EP
A—
NY
dat
a;
in
the
se
cas
es
est
ima
tes
wer
e
ma
de
in
consultation with personnel from EPA—NY.
AE
S
and
EP
A—
NY
dat
a
rep
res
ent
the
pre
cip
ita
tio
n
fra
cti
on
of
loa
din
g
onl
y.
Var
iou
s
cal
cul
ati
ons
wer
e
ma
de
to
est
ima
te
a
fra
cti
on
of
dry
fall
in
ord
er
to
adj
ust
the
dat
a
fr
om
EP
A—
NY
and
AE
S
to
tot
al
loa
din
gs.
CC
IW
at
Bur
lin
gto
n,
On
ta
ri
o
an
d
Cor
nel
l
Uni
ver
sit
y
at
Ith
aca
,
Ne
w
Yo
rk
car
rie
d
ou
t
a
ser
ies
of
stu
die
s
wh
er
e
bul
k
sam
ple
rs
and
pre
cip
ita
tio
n s
amp
ler
s w
er
e o
per
ate
d a
dja
cen
t t
o
ea
ch
ot
he
r
at
th
e
sa
me
tim
e.
As
se
ss
me
nt
of
the
se
da
ta
ga
ve
inc
onc
lus
ive
res
ult
s.
Al
th
oug
h t
he
ave
rag
e r
ati
o o
f p
rec
ipi
tat
ion
loa
din
g t
o b
ulk
loa
din
g w
as
abo
ut
0.7
,
th
e
da
ta
sca
tte
red
wid
ely
,
an
d
in
al
mo
st
on
e
hal
f
of
th
e
cas
es
th
e
bu
lk
loa
din
g
wa
s
les
s t
han
the
pre
cip
ita
tio
n
onl
y
loa
din
g.
Fur
the
rmo
re,
ana
lys
is
of
mul
tip
le
sa
mp
le
rs
of
th
e
sa
me
ki
nd
at
CC
lW
sh
ow
ed
th
at
th
e
vo
lu
me
fo
r
th
e
Cyl
ind
ric
al
bu
lk
sa
mp
le
rs
wa
s
mu
ch
les
s v
ar
ia
bl
e
un
de
r
mu
lt
ip
le
sa
mp
li
ng
co
nd
it
io
ns
th
an
wa
s
th
e
vo
lu
me
fo
r
th
e
pr
ec
ip
it
at
io
n
on
ly
sa
mp
le
rs
.
Ob
vi
ou
sl
y
a
ne
w
ca
re
ful
assessment of all samplers is required.
No
ad
ju
st
me
nt
s
to
th
e
pr
ec
ip
it
at
io
n
on
ly
es
ti
ma
te
s
we
re
ma
de
du
e
to
th
e
po
or
qu
al
it
y
of
re
su
lt
s
fr
om
th
e
ab
ov
e
st
ud
y.
Th
is
pl
ac
es
a
si
gn
if
ic
an
t
li
mi
ta
ti
on
on
th
e
co
nf
id
en
ce
th
at
ca
n
be
pl
ac
ed
on
th
es
e l
oa
di
ng
es
ti
ma
te
s.
Mo
re
st
ud
y
is
re
qu
ir
ed
to
be
tt
er
as
se
ss
th
e
va
li
di
ty
of
bu
lk
sa
mp
le
r
da
ta
ve
rs
us
pr
ec
ip
it
at
io
n
on
ly
da
ta
.
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TABLE 3.1
C
O
D
E
S
,
A
C
R
O
N
Y
M
S
A
N
D
U
N
I
T
S
F
O
R
P
A
R
A
M
E
T
E
R
S
C
O
N
S
I
D
E
R
E
D
I
N
T
H
I
S
S
T
U
D
Y
   
C
o
d
e
U
n
i
t
s
N
a
m
e
N
o
.
D
e
f
i
n
i
t
i
o
n
C
o
n
c
e
n
t
r
a
t
i
o
n
L
o
a
d
i
n
g
C
d
T
1
0
1
T
o
t
a
l
c
a
d
m
i
u
m
p
g
/
I
n
g
/
c
m
z
/
d
a
y
C
u
T
1
0
7
T
o
t
a
l
c
o
p
p
e
r
pi
g/
i
n
g
/
c
m
2
/
d
a
y
F
e
T
1
1
0
T
o
t
a
l
ir
on
pg
/l
n
g
/
c
m
z
/
d
a
y
P
b
T
1
1
3
T
o
t
a
l
le
ad
ug
/l
n
g
/
c
m
z
/
d
a
y
Ni
T
1
1
6
T
o
t
a
l
ni
ck
el
yg
/l
n
g
/
c
m
z
/
d
a
y
Z
n
T
1
1
9
T
o
t
a
l
zi
nc
pg
/l
n
g
/
c
m
z
/
d
a
y
$
0
4
1
2
7
S
u
l
p
h
a
t
e
m
g
/
l
p
g
/
c
m
Z
/
d
a
y
N
a
F
2
2
2
Fi
lt
er
ed
s
o
d
i
u
m
m
g
/
l
p
g
/
c
m
z
/
d
a
y
K
F
2
2
4
P
o
t
a
s
s
i
u
m
fi
lt
er
ed
m
g
/
l
u
g
/
c
m
Z
/
d
a
y
M
g
F
2
2
6
M
a
g
n
e
s
i
u
m
fi
lt
er
ed
m
g
/
l
u
g
/
c
m
z
/
d
a
y
C
a
F
2
2
8
C
a
l
c
i
u
m
fi
lt
er
ed
m
g
/
I
u
g
/
c
m
Z
/
d
a
y
P
T
2
4
0
To
ta
l
p
h
o
s
p
h
o
r
u
s
yg
/l
n
g
/
c
m
z
/
d
a
y
N
0
3
F
2
3
7
Fi
lt
er
ed
n
i
t
r
a
t
e
—
N
m
g
/
l
p
g
/
c
m
z
/
d
a
y
N
H
3
R
2
4
4
To
ta
l
re
ac
ti
ve
a
m
m
o
n
i
a
—
N
mg
/l
p
g
/
c
m
Z
/
d
a
y
N
H
3
F
2
5
2
Fi
lt
er
ed
re
ac
ti
ve
a
m
m
o
n
i
a
—
N
mg
/l
p
g
/
c
m
z
/
d
a
y
N
0
3
R
2
4
3
To
ta
l
re
ac
ti
ve
ni
tr
at
e—
N
mg
/l
p
g
/
c
m
Z
/
d
a
y
K
J
T
2
3
4
To
ta
l
kj
el
da
hl
ni
tr
og
en
mg
/l
p
g
/
c
m
z
/
d
a
y
N
T
*
2
4
2
To
ta
l
ni
tr
og
en
mg
/l
p
g
/
c
m
z
/
d
a
y
No
te
:
In
su
ff
ic
ie
nt
da
ta
we
re
av
ai
la
bl
e
to
in
cl
ud
e
ch
lo
ri
de
.
*
N
T
wa
s
ca
lc
ul
at
ed
as
a
co
mb
in
at
io
n
of
N
0
3
(2
43
or
23
7)
an
d
N
H
3
(2
44
or
25
2)
fo
r
EP
A,
ES
C,
M
U
,
U
S
G
S
da
ta
.
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TABLE 3.2
LATITUDE, LONGITUDE, AND PARAMETERS
MEASURED AT EACH STATION
McMaster University
Cod
es
meas
ured
: 1
01,
107,
110,
113,
116,
127,
222,
224,
226,
228,
240,
242.
 
Station Name Latitude Longitude
18 Sparrow Lake 44.798 79.383
23 Lake St. Peter 45.300 78.033
25
Sha
wan
aga
45.
533
80.
200
35
Sou
th
Bay
mou
th
45.
585
82.
012
36
Tob
erm
ory
45.
207
81.
523
37
Owe
n S
oun
d
44.
491
80.
871
43
Mani
toul
in B
uoy
45.1
18
82.9
39
Canada Centre for Inland Waters
Co
de
s m
eas
ure
d:
101
,
107
,
110
, 1
13,
116
,
127
, 2
22,
224
, 2
26,
228
, 2
40,
242
.
Sta
tio
n
Na
me
Lat
itu
de
Lon
git
ude
113
Wia
rto
n A
irp
ort
44.
650
81.
233
120
Sar
nia
Air
por
t
42.
983
82.
283
13
4
Pin
ery
Par
k
43.
233
81
.8
00
13
5
In
ve
rh
ur
on
Pa
rk
44
.3
00
81
.5
67
13
7
Kil
bea
r P
ar
k
45
.3
50
80
.2
00
13
8
So
ut
ha
mp
to
n
Bu
oy
44
.3
25
81
.6
50
14
2
Wi
ar
to
n
Ai
rp
or
t
44
.6
50
81
.2
33
14
3
Sa
rn
ia
Ai
rp
or
t
42
.9
83
82
.2
83
14
8
Pi
ne
ry
Pa
rk
43
.2
33
81
.8
00
14
9
In
ve
rh
ur
on
Pa
rk
44
.3
00
81
.5
67
15
0
Ki
lb
ea
r
Pa
rk
45
.3
50
80
.2
00
15
1
Gu
el
ph
Fu
nn
el
43
.6
34
80
.1
14
15
2
Gu
el
ph
Sn
ow
43
.6
34
80
.1
14
15
3
Po
rt
St
an
le
y
Fu
nn
el
42
.6
71
81
.2
24
15
4
Po
rt
St
an
le
y
Sn
ow
42
.6
71
81
.2
24
15
5
Pe
le
e
Fu
nn
el
41
.7
51
82
.6
87
15
7
C
C
l
W
Fu
nn
el
1
43
.2
99
79
.7
99
15
8
C
C
l
W
Fu
nn
el
2
43
.2
99
79
.7
99
   
TABLE 3.2 (Cont'd)
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
Mi
ch
ig
an
St
at
io
n
E
a
r
l
e
La
ti
tu
de
L
o
n
g
i
t
ud
e
1
5
9
C
C
I
W
Fu
nn
el
3
43
.3
02
79
.7
94
1
6
0
An
ca
st
er
Fu
nn
el
43
.1
75
79
.9
50
.
16
1
C
C
I
W
S
n
o
w
1
43
.2
99
79
.7
99
'
16
2
C
C
I
W
S
n
o
w
2
43
.2
99
79
.7
99
1
6
3
T
o
r
o
n
t
o
Is
la
nd
Fu
nn
el
43
.6
32
79
.3
97
‘
16
4
Wo
od
br
id
ge
Fu
nn
el
43
.7
93
79
.5
69
3_
L
16
5
To
ro
nt
o
Is
la
nd
S
n
o
w
43
.6
32
79
.3
97
2'
16
6
Wo
od
br
id
ge
S
n
o
w
43
.7
93
79
.5
69
16
7
Du
ck
Is
la
nd
Fu
nn
el
43
.9
31
76
.6
37
16
8
Tr
en
to
n
Fu
nn
el
44
.1
11
77
.5
44
1‘
16
9
Tr
en
to
n
S
n
o
w
44
.1
11
77
.5
44
17
0
Ki
ng
st
on
Fu
nn
el
44
.2
21
76
.5
96
17
1
Ki
ng
st
on
Sn
ow
44
.2
21
76
.5
96
Co
de
s
me
as
ur
ed
:
10
1,
10
7,
11
0,
11
3,
11
6,
12
7,
22
2,
22
4,
22
6,
22
8,
24
0,
24
2.
St
at
io
n
l\_
|a£
1_e
_
La
ti
tu
de
Lo
ng
it
ud
e
20
8
U
S
Co
as
t
Gu
ar
d
St
at
io
n
Al
pe
na
45
.0
34
83
.2
39
20
9
US
.
Co
as
t
Gu
ar
d
St
at
io
n
Ta
wa
s
44
.2
54
83
.4
47
21
0
Al
be
rt
Sl
ee
pe
r
Pa
rk
43
.9
77
83
.2
11
21
1
Po
rt
Sa
ni
la
c
43
.4
29
82
.5
52
21
3
Ta
wa
s
Bu
oy
44
.2
25
83
.4
22
21
9
Al
pe
na
Bu
oy
45
.1
67
83
.2
17
Ca
na
da
,
At
mo
sp
he
ri
c
En
vi
ro
nm
en
t
Se
rv
ic
e
 
Co
de
s
me
as
ur
ed
:
12
7,
22
2,
22
4,
22
6,
22
8,
24
0,
24
2.
Sta
tio
n
Na
me
Lat
itu
de
Lo
ng
it
ud
e
j,
301
Mou
nt
For
est
Wet
43.
973
80.
736
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TABLE 3.2 (Cont'd)
U.S. Environmental Protection Agency, New York
Codes measured: 101, 107, 110, 113, 127, 222, 224, 226, 228, 240, 242.
Station
410
411
412
413
414
415
416
417
418
Name
 
Macedon Wet
Skaneateles Wet
Oswego Wet
Brockport Wet
Rochester Wet
Cape Vincent Wet
Buffalo Wet
Clarence Wet
Nunda Wet
University of Windsor
Codes measured: 127, 240.
Station
450
Name
Windsor
U.S. Geological Survey
Codes measured: 127, 222, 224, 226, 228, 242.
Station
703
704
705
706
707
708
709
Name
Rock Hill
Athens
Salamanca
Mays Point
Canton
Hinckley
Albany
 
Latitude Longitude
43.088 77.312
42.946 76.419
43.461 76.374
43.280 77.931
43.180 77.624
44.122 76.239
42.915 78.872
43.020 78.631
42.539 77.945
Latitude Longitude
42.255 83.036
Latitude Longitude
41.624 74.521
41.925 76.526
42.100 78.750
42.999 76.763
44.578 75.1 1 1
43.310 75.1 10
42.743 73.808
 
  
TABLE 3.2 (Cont'd)
C
o
r
n
e
l
l
U
n
i
v
e
r
s
i
t
y
C
o
d
e
s
m
e
a
s
u
r
e
d
:
1
2
7
,
2
2
2
,
2
2
6
,
2
2
8
,
2
4
2
.
S
t
a
t
i
o
n
N
a
m
e
7
1
0
I
t
h
a
c
a
Latitude
42.457
~17
Longitude
76.521
 TABLE 3.3
NUMBER OF MONTHLY SAMPLES ANALYZED FROM
EACH STATION EXPRESSED AS A PERCENTAGE
OF THE 24-MONTH PERIOD 1973 — 1974
Station
18
23
25
35
36
37
43
113
120
134
135
137
138
142
143
148
149
150
151
152
153
154
155
157
158
159
160
161
162
163
164
165
Name
 
Sparrow Lake
Lake St. Peter
Shawanaga
South Baymouth
Tobermory
Owen Sound
Manitoulin Buoy
Wiarton Airport
Sarnia Airport
Pinery Park
lnverhuron Park
Kilbear Park
Southampton Buoy
Wiarton Airport
Sarnia Airport
Pinery Park
lnverhuron Park
Kilbear Park
Guelph Funnel
Guelph Snow
Port Stanley Funnel
Port Stanley Snow
Pelee Funnel
CCIW Funnel 1
CCIW Funnel 2
CCIW Funnel 3
Ancaster Funnel
CCIW Snow 1
CCIW Snow 2
Toronto lsland Funnel
Woodbridge Funnel
Toronto lsland Snow
Percent
100
100
33
100
90
90
30
100
100
58
75
71
21
88
88
71
83
83
79
4
79
42
88
83
41
13
83
17
13
83
79
13
  
TABLE 3.3 (Cont'd)
   
Sta
tio
n
Na
me
Pe
rc
en
t
. 1
16
6
Wo
od
br
id
ge
Sn
ow
42
i, ‘1
167
Duc
k
Isl
and
Fun
nel
33
M
168
Tre
nto
n F
unn
el
88
j
169
Tre
nto
n S
no
w
21
1
170
Kin
gst
on
Fun
nel
83
'7 l
171
Kin
gst
on
Sno
w
25
208
US
CG
S A
lpe
na
46
209
US
CG
S T
awa
s
54
210
Alb
ert
Sle
epe
r P
ark
29
211 Port Sanilac 25
, i
213
Taw
as
Buo
y
8
219
Alpe
na
Buo
y
8
i z
301
Mou
nt
For
est
Wet
100
1
410
Mac
edo
n W
et
21
411 Skaneateles Wet 29
412
Osw
ego
Wet
4
413 Brockport Wet 25
414 Rochester Wet 21
415 Cape Vincent Wet 21
416' Buffalo Wet 17
417 Clarence Wet 13
418 Nunda Wet 8
450 Windsor 92
703
Roc
k H
ill
92
704 Athens 38
705 Salamanca 71
706 Mays Point 100
707 Canton 88
u
708
Hinc
kley
96
3
70
9
Al
ba
ny
33
710 lthaca 8
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3.2 Contour Maps and
Loading Estimates
Geometric means of the data from up to 63 stations were compiled On a
data file and, from this array, estimates for an equal area grid intersect were
calculated. The number of grid intersects was about four or more times the
number of data points. Contouring could be carried out routinely on a computer
using these grid intersect values. Furthermore, loading estimates were calculated
for the various areas using the same values. Figure 3.2 shows the grid overlaid on
a map of the study area.
A moving second order polynomial least squares routine was used to estimate
values at grid points. In order to avoid possible extreme results from the least
squares function values were deleted if they were 30 percent greater or less than
the maximum and minimum values used in the least squares determination.
Moreover, data were weighted with respect to distance from grid intersects by
1/d2, where d is the distance of a data point from a grid intersect.
Various combinations of data were used to obtain different loading estimates for
a parameter. The overall approach was to obtain minimal estimates which would
be consistent with the majority of the data. Hence, when a few stations had
averages far greater (about 1 — 2 orders of magnitude) than the other maximums
these data were deleted. In addition, results for snow months were compared with
results for the entire period. Unfortunately, incomplete sampling records
throughout the year required the use of the average of the entire record most of
the time. Table 3.4 summarizes that portion of the data file which was used to
obtain estimates and compile contOur maps of loading values.
Figures 3.3 (a) through 3.3 (I) are contour maps of loadings of the parameters.
These maps were compiled using the criteria summarized in Table 3.3 and the
contouring procedure discussed above. Stations from which data were available are
shown on each map. Three general patterns are discernible for these loading maps:
(a)
The
loa
din
g d
ecr
eas
es
tow
ard
the
nor
th
or
nor
thw
est
.
(b)
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(c)
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are
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some industrialized areas.
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TAB LE 3.4
MODIFICATIONS MADE TO DATA TO
OBTAIN CONSERVATIVE ESTIMATES
OF ATMOSPHERIC DEPOSITION
FROM FIELD DATA
Parameter Acronym
101 Cd T
107 Cu T
110 Fe T
113 Pb T
116 Ni T
127 $04
222 Na F
224 K F
226 Mg F
228 Ca F
240 P T
242 N T
-22
Data Considered
All data
All data
All data
All data
Minus all 200 series
All data
All data
All data
All data
All data
Minus stations 167, 170
All data
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3.3 Trends in Data
Lon
g-t
erm
and
sea
son
al
tre
nds
in
the
loa
din
g d
ata
wer
e i
nve
sti
gat
ed.
All
of
the
dat
a w
er
e
com
pil
ed
to
inv
est
iga
te
sea
son
al
and
lon
ger
-te
rm
pat
ter
ns,
whe
rea
s d
ata
fro
m
gri
d
int
ers
ect
ion
s o
f
con
tou
r
map
s
wer
e
com
pil
ed
and
com
par
ed
as
to
seasonal patterns during 1973 and 1974.
The
geo
met
ric
mea
n
for
all
dat
a
was
com
pil
ed
for
eac
h s
amp
lin
g p
eri
od
and
plot
ted.
All
dat
a w
ere
used
, a
nd
no
wei
ght
ing
of
dat
a p
oin
ts
wit
h r
esp
ect
to
num
ber
of d
ata
was
carr
ied
out.
In a
ddit
ion,
a li
near
least
squa
res
fit w
as f
orce
d
ont
o t
he
peri
od
aver
ages
in o
rder
to o
btai
n t
he a
vera
ge
long
er-t
erm
tren
d.
In
som
e ca
ses,
data
for
the
enti
re G
reat
Lake
s ba
sin
exis
ted
fro
m 1
972
to 1
976
to
esta
blis
h t
he
over
all
slop
e,
wher
eas
the
seas
onal
patt
erns
sho
wn
for
1973
, an
d
1974 are based only on Lower Great Lakes data. Plots of these data are shown in
Appendix 1.
Estimates of seasonal loading for Lakes Ontario and Erie, areas 16, 17, 21 and 22
were made by compiling average loadings for spring, summer, autumn and winter
for all available data for 1973 and 1974. Matrices of loading estimates for grid
intersections of the contouring routine were obtained for these seasonal categories
and mean loadings were obtained. These are shown in Table 3.6 as percentages of
the total loadings. They are also plotted on Figure 3.4 for cases where there were
sufficient data to warrant inclusion for Lakes Erie and Ontario and areas 16and 21.
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Comparison
of seasonal
patterns
for the study regions (Figure 3.4, Table 3.6) and
seasonal
trends for all the data are summarized
in Table 3.7. In addition, the
overall
trend of the data established from
a linear least squares fit is shown. The
two sets of compilation of seasonal trends show good agreement. Cadmium,
iron
and
phosphorus show
maximums
in summer
and autumn;
copper and sulphate
show more subtle maximums in autumn, whereas lead shows a subtle maximum in
winter
for all the data and
a subtle maximum
in autumn
for the study areas.
Nickel and nitrogen show no seasonal patterns of loading. The slope of the least
squares fit shows no overall change except for cadmium. It is quite probable that
the decrease in cadmium is due to analytically questionable data from early years.
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TABLE 3.5
BASIN
LOADINGS
FOR
LAKE
ONTARIO,
LAKE
ERIE
AND AREAS 21, 22, 16 AND 17
(Where blanks occur, no acceptable data were
available to make an estimate)
Lake Lake
Code Parameter Ontario Erie 2i _2_2_ La 3].
x 105 kg/yr
127
Sulphate
88
120
1 10
34
45
25
242 Nitrogen 21 19 22 4.3 0.89 4.7
x 103 kg/yr
240 Phosphorus 480 800* 1,400 210 1 10 68
228 Calcium 32,000 23,000 37,000 3,600 24,000 7,000
226 Magnesium 4,100 6,600 7,300 890 3,300 1,500
222 Sodium 19,000 13,000 16,000 3,700 7,000 6,300
224 Potassium 3,300 22,000 4,700 1,900 3,600 5,300
101 Cadmium 45 150* 180* 13 50** j
1 13 Lead 280 2,200* 280 260* 1 10 250* ,3
116 Nickel 19 140* 13* 23M 10 20* g‘
107 Copper 72 330* 130* 85 48 110“ :
1 10 Iron 530 5,900* 940* 220 4,200*
Note
Areas used were
103km2
Lake Ontario 19.5 ‘
Lake Erie
25.8
j
Area 21 14.8
Area 22 . 5.0
Area 16 8.8
Area 17 6.3
*Some questionable data or some problems in data control.
“Approximate value. Poor data control.
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 TABLE 3.6
S
E
A
S
O
N
A
L
L
O
A
D
I
N
G
S
F
O
R
L
A
K
E
O
N
T
A
R
I
O
,
L
A
K
E
E
R
I
E
A
N
D
A
R
E
A
S
16
,
17
,
21
A
N
D
22
Spring = Feb, Mar, Apr
Autumn = Aug, Sept, Oct
Percentage of Total Loadings
Summer = May, June, July
Winter = Nov, Dec, Jan
   
Lake Lake
Pa
ra
me
te
r
Se
as
on
On
ta
ri
o
Er
ie
101
Sp
ri
ng
4
5*
Ca
dm
iu
m
Su
mm
er
23
63
*
Autumn 35 25*
Winter 38 7*
107 Spring 15 26*
Copper Summer 29 16*
Autumn 22 31 *
Winter 34 27*
110 Spring 14 19“
Iron Summer 22 36* *
Autumn 45 20”
Winter 19 25M
1 13 Spring 14 31 *
Lead Summer 18 33*
Autumn 28 27*
Winter 40 9*
116 Spring 27 24* *
Nickel Summer 25 8* *
Autumn 26 5”
Winter 22 63”
127 Spring 18 28
Sulphate Summer 30 25
Autumn 27 24
Winter 25 23
1_e_;_
5
1 2
47
36
19*
23*
17*
41*
1 7
59
20
21
19
47
13
27
21
16
36
1 5
26
26
33
3**
51"
30§*
16*;
67*
10*
15*
8*
25**
26*}
26**
23
15"
25**
38*§~
22*}
2O
30
27
23
20
23
36
21
20
37
25
18
14
28
26
32
17
22
24
37
TABLE 3.6 (Cont'd)
Percentage
of
Total
Loadings
   
Lake Lake
Parameter
Season
Ontario
Erie
12
_1_7_
2_1_
g_2_
240
Spring
11
2
M
17
6*
Phosphorus
Summer
51
2
9
”
32
66*
Autumn
19
5
7
“
33
13*
Winter
19
12“
18
15*
242
Spring
21
38
18
28
18
27
Nitrogen
Summer
27
25
27
31
31
19
Autumn
25
20
23
23
30
12
Winter
27
17
32
18
21
42
’Some questionable data or some problems in data control.
MApproximate value. Poor data control.
 
  
 
 
TABLE 3.7
C
O
M
P
A
R
I
S
O
N
O
F
S
E
A
S
O
N
A
L
M
A
X
I
M
U
M
S
F
O
R
S
T
U
D
Y
A
R
E
A
S
(
F
I
G
U
R
E
3.
4)
W
I
T
H
A
L
L
O
F
T
H
E
D
A
T
A
(
A
P
P
E
N
D
I
X
1)
T
H
E
S
L
O
P
E
O
F
T
H
E
L
I
N
E
A
R
L
E
A
S
T
S
Q
U
A
R
E
S
F
I
T
T
O
A
L
L
O
F
T
H
E
D
A
T
A
IS
A
L
S
O
S
H
O
W
N
Parameter
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Slope
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4 LOWER LAKES LOADING ESTIMATES
4.1 Comparison of Results
Table
4.1
summarizes
the
loading estimates made
from
the mathematical
model
for
Lakes
Michigan,
Erie
and
Ontario
compared
with
precipitation
chemistry
loading
estimates
for
Lakes
Erie
and
Ontario.
Only
model
estimates
are available
for
Lake
Michigan
with
the
exception
of
the
total
phosphorus
loading
(EPA,
1975).
In the Upper Great Lakes study (Acres—ESC 1975), comparison of mathematical
model and precipitation chemistry loading estimates gave differences for sulphate
and total phosphOrus by a factor of 2 and for total nitrogen by a factor of 3. In
this study, the differences are for sulphate and total nitrogen by a factor of 2 and
for total phosphorus by a factor of about 4. These comparisons are consistent
between the two studies except that estimates of total phosphorus loadings now
differ by a factor of 4 instead of 2. It should be pointed out that in the Upper
Great Lakes study phosphorus loadings estimated from precipitation chemistry
were based for the most part on data for the nongrowing season, to minimize
local contamination of the samples. In this study it was not possible to use that
same procedure because all the available phosphorus data were required to make a
statistically valid geometric average.
In the previous study, differences in the results from the two methods for some
heavy metals were cadmium by a factor of 2, lead by a factor of less than 2, iron
by a factor of just over 2, and nickel by a factor of 3. In this study, for Lake
Ontario, differences for cadmium are a factor of 3, for lead a factor of 2, for iron
a factor of 4, and for nickel a factor of 3. Except for iron, these differences are
about the same as previously found. The comparison for iron loadings is now
different by a factor of 4 instead of 2, and it is not apparent why this should be.
It is noted that the relatively low iron loading rate estimated from precipitation
chemistry data for Lake Ontario is markedly influenced by relatively low iron
concentrations measured at the CClW precipitation chemistry stations.
For Lake Erie, the comparison of heavy metal loading values calculated by the
model with those calculated from precipitation chemistry data is considerably
more erratic. As noted in the footnote to Table 3.5 and as commented on in the
accompanying text, the reliability of the precipitation chemistry loading estimates
for Lake Erie was restricted due to lack of data south of the lake. This same
restriction applied to phosphorus loadings.
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The
large differences found
between
the two estimates for calcium, magnesium,
sodium and potassium for the Upper Great Lakes again appear in this report for
the Lower
Great Lakes. The model estimates are consistently very low compared
with the precipitation chemistry estimates; since these elements are common
constituents of soil, entrainment of soil into the gauges and into the atmosphere
as airborne
particulates
probably accounts
for much
of the difference. At
the
same time, there is available only limited information on which to basea breakdown of
the percentage component of these elements in the total particulate emissions
from the anthropogenic sources used in the model. Agricultural and natural
sources or transport into the model region are not considered, both being possible
significant sources of these materials.
4.2 Drainage Basin
Loading Estimates
The Great Lakes drainage basin has been divided into 37 subareas, as shown in
Figure 4.1. Yearly loadings were calculated from the model for each of these
subareas, using a Thiessen polygon weighting technique. These loadings, shown in
Figure 4.1, have been calculated only for those parameters for which no large
differences were found between the model and precipitation chemistry estimates.
Since the model results seri0usly underestimate loadings of calcium, magnesium,
sodium and potassium, no model estimates have been included for these
parameters. Instead, the loading rate contours estimated from precipitation
chemistry data in the Upper Great Lakes study have been added to the Lower
Great Lakes contours in Figures 3.3 (g) to 3.3 (j) to provide data on drainage area
loading rates for these parameters.
4.3 Transboundary Movement
Tables 4.2, 4.3 and 4.4 present the transboundary movement and loading of
Lakes Michigan, Erie and Ontario for sulphates, total phosphorus and trace
metals.
As would be expected, Lake Michigan loadings are dominated by the large
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For
Lake
Erie,
American
sources
contribute
89,
91
and
97
percent
of
the
sulphate,
total
phosphorus
and
trace
metals,
respectively,
with
the
largest
contribution
coming
from
Cleveland.
The
Sarnia
and
Sudbury
sources
are
the
largest
Canadian
contributors
of
sulphate;
Toronto
and
Montreal
contribute
the
most
phosphorus
and
trace
metals.
Variations
according
to
source
region
contributions
between
the
American
and
Canadian
portions
of
the
lake
are
insignificant.
The
Lake
Ontario
loadings
result,
to
a
much
greater
extent,
from
the
general
industrial activity in the study area as a whole, and
are less dominated by specific
sources.
The
Canadian
sources contribute
27.5,
20.9 and
6.5 percent of the total
loading of sulphate, total phosphorus and trace metals, respectively. Once again,
the variations according to source region contributions between the American and
Canadian portions of the lake is insignificant.
To obtain an estimate of the transboundary loadings of the 37 land drainage areas
in the
Great
Lakes
basin
(Figure
4.1),
the
percentage contributions from
American and Canadian sources can be taken as the percentage contributions to
the closest lake area. The percentage contributions to the Upper Great Lakes are
reproduced in Appendix 3 from the Acres—ESC 1975 report.
4.4 Loading Distribution of
Polychlorinated Biphenyls
Substantial effort was made to obtain data on emissions of PCB’s, both in Canada
and the United States. Limited emission estimates by the Ontario Research
Foundation were obtained for southern Ontario, but no specific data were
available for the United States. Model calculations using emissions data were not
possible, and it was decided to use population statistics for each major emission
region as a r0ugh indicator of possible PCB emission levels on a nonquantified
basis. Population totals were compiled for each of the thirty regional sources used
in the model from published population statistics for cities of 25,000 and over.
Assuming these population figures are proportional to PCB emissions, the
distribution pattern of PCB loadings shown in Figure 4.2 results.
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5
PROJECTIONS
TO
THE
YEAR
2000
5.1 Industrial Growth Rates
The
happenings
of
the
last 4
years
have
made
energy
demand
forecasting
difficult
in both
Canada
and
the United
States. The
potential for massive
intervention of
government
in
the
energy
situation,
the
problem
of
large
price
increases
for
energy, and the impact of environmental restrictions have created doubts
as to the
validity
of
the
indicators
traditionally
used
in
projecting
patterns
of
energy
consumption.
At
least through
1985,
however,
Canada
and
the
United
States are
basically
committed
to present
patterns
of energy
consumption
because
of the
long
time
lags involved
in changing our
industrial system, our transportation
system,
and
ultimately our
way
of life. After 1985, options can be developed which will allow
the altering of present energy consumption patterns. Successful devel0pment of
those options will demand new technologies in the supply and use of energy
sources, new emission control methods, and heightened awareness and practice of
energy conservation. Meanwhile, it is necessary to forecast economic developments
based on the best information available.
The summary of annual growth rates presented in Table 5.1 is based on many
references and reflects the best judgments of its participants. A principal reference
has been the document United States Energy Through the Year 2000 (revised)
published in December 1975 by the US. Bureau of Mines, Department of the
Interior, and coauthored by Walter G. Dupree, Jr. and John S. Corsentino. Mr.
Dupree was contacted personally and provided new insights to that document
which have been incorporated into our projections.
Table 5.1 summarizes the annual growth rates to year 2000 in fuel consumption
as discussed in Subsubsection 5.1.1, as well as growth rates for transportation,
incineration and for those industrial processes that are major sources of air
pollutant emissions, i.e. production of primary metals, mineral products and
petroleum. These categories combined account for about 90 percent of total
emissions in most of the regional emission sources shown in Figure 2.2 and are
discussed in Subsubsection 5.1.2.
In the tables to follow, units have been converted to SI but are consistent with
the above reference documents.
  
 TABLE 5.1
P
E
R
C
E
N
T
A
N
N
U
A
L
G
R
O
W
T
H
R
A
T
E
S
TO THE YEAR 2000
Fuel Consumption
Coal
Petroleum
Natural gas
Industrial Production
Primary metals
Mineral products
Petroleum
Transportation Fuel
Incineration of Waste
United
States
3.8
1.6
3.0
4.5
1.6
2.2
032191.
(Ontario)
3.8
1.6
4.0
4.5
1.6
2.5
1.5
--55
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5.1.1 Fuel Consumption
The forecast growth rates for the United States fuel consumption are
based on the Bureau of Mines document updated by Mr. Dupree’s
comments. The gross energy consumption is forecast to grow from 73,121
x 1012 Btu in 1974 to 163,430 x 1012 Btu in 2000. The portion that is
obtained from coal, petroleum and natural gas is displayed in Table 5.2.
The same growth rates in the consumption of these fuels have been
assumed for Canada.
As a percentage of the total energy consumption, these fuels will reduce
from 94.2 in 1974 to 64.6 in 2000, with natural gas reducing from 30.4
percent to 12.0 percent, petroleum reducing from 45.8 to 31.3 percent,
and coal increasing from 18.0 to 21.3 percent.
The Bureau of Mines original forecast for the year 2000 expected that the
total installed electrical generating capacity of 1,887,000 Mw would
include 900,000 Mw of nuclear-fueled plants. Most recently, the nuclear
capacity in year 2000 is seen to be only 650,000 Mw. The difference, if
demand in the electrical energy sector achieves the total forecast, must be
made up by fossil-fueled plants—much of which will be coal fired.
However, in making the atmospheric loading projections the earlier
estimate of nuclear energy growth was used. '
5.1.2 Industrial Processes
The
fore
cast
grow
th
rate
for
prod
ucti
on
of
prim
ary
meta
ls a
nd
mine
ral
products in the United States was obtained by extrapolating data in the
Unit
ed
Stat
es D
epa
rtm
ent
of C
omm
erc
e,
Stat
isti
calA
bstr
act
of t
he U
nite
d
Sta
tes
,
797
5.
Pro
duc
tio
n l
evel
s h
ave
var
ied
wid
ely
ove
r t
he
pas
t 2
0 y
ear
s
as
a f
unc
tio
n o
f g
ener
al
eco
nom
ic
acti
vity
and
corr
elat
e fa
irly
clos
ely
to
the
for
eca
st
of
gen
era
l e
con
omi
c g
row
th
in
the
Uni
ted
Sta
tes
. T
he
ann
ual
gr
owt
h
rat
es
are
3.0
per
cen
t a
nd
4.5
per
cen
t r
esp
ect
ive
ly.
In
Can
ada
,
ann
ual
gro
wth
rat
es
of
4.0
per
cen
t
for
pri
mar
y
met
als
pro
duc
tio
n
an
d
4.5
per
cen
t
for
min
era
l
pro
duc
ts
hav
e
bee
n
use
d.
Th
e
gr
ow
th
rat
e
fo
r
pr
im
ar
y
me
ta
ls
wa
s
arr
ive
d
at
fo
ll
ow
in
g
di
sc
us
si
on
s
on
da
ta
ava
il
ab
le
at
CC
IW
wh
ic
h
su
gg
es
t
a
hi
gh
er
gr
ow
th
rat
e t
ha
n
th
at
in
th
e
Un
it
ed
St
at
es
.
Pr
od
uc
ti
on
of
Ca
na
di
an
mi
ne
ra
l
pr
od
uc
ts
is
ex
pe
ct
ed
to
follow the United States.
  
 TABLE 5.2
U
N
I
T
E
D
S
T
A
T
E
S
F
U
E
L
C
O
N
S
U
M
P
T
I
O
N
PR
ES
EN
T
AN
D
PR
OJ
EC
TE
D
(1
01
2m
m
1974
Household and commercial
lndustrial
Transportation
Electric generation
Synthetic gas
Synthetic liquids
TOTA LS
2000
Household and commercial
Industrial
Transportation
Electric generation
Synthetic gas
Synthetic liquids
TOTALS
Annual growth rate
(percent)
Coal
291
4,208
8,668
 
13,169
5,910
20,700
6,000
2,140
34,750
3.8
Data from Dupree and Corsentino, 1975
Petroleum
6,390
6,044
17,608
3,448
 
33,490
7,960
10,370
28,170
4,700
51,200
1.6
-57
Natural Gas
7,116
11,129
664
3,328
 
22,237
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T
h
e
1.6
percent
anuual
growth
in
the
petroleum
industry
has
been
based
on
the
total
United
States
petroleum
consumption
indicated
in
Table
5.2,
wh
i
c
h
w
a
s
a
s
s
um
e
d
to
apply
equally
in
Canada.
5.1.3 Transportation
Table
5.3
from
the
Bureau
of
Mines
study
shows
that
energy
input
to
the
United
States
transportation
sector
would
increase
at
a
2.2
percent
annual
rate,
and
that
the
petroleum
share
of
the
market
would
increase
from
96.3
percent
to
97.8
percent.
Meanwhile,
the
transportation
energy
consumption
as
a
percentage
of
gross
energy
consumption
would
fall
from
25.0 percent to 19.7 percent.
Although
the
2.2
percent
growth
may
be
high
because
of
recently
legislated
mileage
standards
for
the
United
States
auto
fleet
entering
service
by
the
1980’s,
it does
incorporate
an
overall
trend
to
the
use
of
smaller and more efficient automobiles.
Given
the
higher
population
annual
growth
rate
forecast
in
Canada
(see
Subsubsection
5.1.4),
the
growth
in
energy
consumption
by
the
transportation sector
was assumed
to exceed
that of
the
United
States, viz,
2.5 percent versus 2.2 percent.
5.1.4 Incineration
The Bureau of Mines forecast of annual population growth rate is 0.9
percent for the entire United States. Based on data available at CClW on
population projections in the Great Lakes basin, this rate was adjusted to
0.8 percent. The 1.3 percent forecast of annual Canadian population
growth was based on the Statistics Canada Population Projection B and
the Government of Ontario Provincial Planning Document (TEIGA 1976).
This, combined with studies by CClW, indicates a 1.4 percent growth rate
in the Canadian portion of the Great Lakes basin.
The growth in incineration was assumed to follow population growth in
both the United States and Canada. A factor of 0.1 percent was then
added to reflect cu. (ant trends to greater yields of refuse per individual in
the population and trends to increased refuse burning in urban areas. This
forecast is very sensitive to achievements in conservation and recycling of
materials.
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TABLE 5.3
TRANSPORTATION SECTOR
Annual
1974 2000 Growth
(percent)
Liquid Hydrocarbons”
10
5 b
bl
3,2
74.
7
5,7
08
2.2
Per
cen
tag
e o
f t
ota
l e
ner
gy
96.
3
97.
8
Natural Gas
109
cf
650
580
- 4
Per
cen
tag
e o
f to
tal
ene
rgy
3.6
1.9
Electricity Purchases
109
kwh
3
28
9.0
Percentage of total energy 0.6 0.3
Total sector energy 18,290 32,200 2.2
inputs (1012 Btu)
Percentage of national total 25.0 19.7
*Includes all synthetics from tar sands, shale, coal, etc.
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5.2 Sulphur Oxides —
Control Technology
Sulphur
oxides
are
formed
during
combustion
of
sulphur-containing
fuels,
by
industrial
processing
of
minerals,
ores
or
other
sulphur-bearing
raw
materials
and
by
natural
discharges
such
as
volcanic
action.
By
far
the
largest
amount
is
generated by combustion processes as $02.
in
recent
years
there
has
been
a
trend
to
reduction
of
802
emissions
by
use
of
low-sulphur
fuels
including
natural
gas,
light
oils,
selected
residual
oils, as
well
as
low-sulphur coals.
Because of the concern
over available reserves of liquid fuels and natural gas, it is
expected
that many
future large combustion
sources will use coal, and
that some
existing plants will convert to coal. This trend is apparent in the fuel consumption
growth rates shown in Table 5.2.
Surveys conducted by EPA
(Ponder, 1976) indicate that only about 50 percent of
the coals used in utility type combustion systems are of the low-sulphur type. In
addition to fuel economics, other factors mitigate against the use of low-sulphur
coal, such as
— low heat value of the coal
— increased hardness requiring a different approach to milling
— different requirements of combustion volume and heat release within the
furnace
— high ash content.
t can be expected, therefore, that the growth in demand for electrical energy to
the year 2000 will increasingly be met by coal-fired steam electric generating
stations, utilizing a range of sulphur content coals. It is anticipated that by 1980
less than 50 percent of all coal used will be of the low-sulphur type. This in turn
will require removal of sulphur either from the fuel or combustion gases in an
effort to maintain ambient air quality standards.
 
_ﬂ
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A variety of approaches to $02 emissions control has been investigated and are
still being developed. The most common are
- physical cleaning of coal
— flue gas cleaning
— coal gasification
— coal liquefaction
— liquidized bed combustion.
Physical cleaning of coal removes only pyrites, at best representing 60 to 75
percent of the sulphur content. The remaining sulphur is in organic form and
requires chemical processing.
Flue gas cleaning systems historically have had high operating costs and high
maintenance requirements, although some improvements have been made during
the past decade, resulting in a number of systems in the pilot plant stage at
present. It is expected that existing pilot plants will be available for commercial
testing by 1980 and for full-scale application by 1986. Systems at present being
developed include
— limestone injection with a sulphur collection effic1ency of 40 to 60
percent
— limestone injection followed by wet scrubbing with a sulphur collection
efficiency of 80 to 90 percent
—— alkalized alumina sorption with a sulphur collection efficiency of
approximately 90 percent
—
catalytic oxidation with
a sulphur collection efficiency of approximately
90 percent.
Coal gasification has reached commercial
feasibility. A
number
of plants are in
operation with sulphur removal efficiency of approximately 95 percent, but much
larger
plants
would
be
required
to
meet
a
significant
portion
of
the
energy
demand with this fuel.
Coal
liquefaction
under
development
at
present
might
be
expected
to
reach
commercial feasibility by 1986.
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Fluidized
bed
combustion
systems
at
present
offer
the
most
economical
approach
to
302
emissions
control
for
new
installations.
Pilot
plant
operations
are
under
study
with
full-scale
testing
anticipated
by
1980.
This
would
likely
provide
a
commercial system by 1986.
Other
means
of $02
emissions control include selective blending of liquid fuels.
The
more
economically
priced
residual
oils
normally
contain
an
average
of
2
percent sulphur. Blending with oil from low-sulphur wells or light distillates will
lower
that concentration,
alth0ugh
at increased
cost.
Without
prejudging
which
approach(esl
may
ultimately
be
adopted,
we
have
postulated for purposes of model illustration that a 50 percent reduction in 802
emissions will be achieved in 1985 by retrofitting all plants in service at that time,
and that an 80 percent reduction will be achieved for all new sources installed
between 1986 and 2000.
5.3 Projected Growth of $02
and Particulates
The following procedures were used for estimating the emissions to the
atmosphere of $02 and particulates in the year 2000 as input to the
mathematical model. Three specific situations were considered.
Case 1 Projected increases in emissions assuming no full-scale 802 controls.
Case |l Projected increases in emissions assuming full-scale 802 controls.
Case lll Projected increases in emissions assuming that all electric generation
after 1985 will result from coal-fired plants. 802 controls are the same
as Case ll.
5.3.1 Case I — No Removal of 802
As indicated in the Upper Great Lakes report, Acres—ESC 1975, the
emission data for each air quality region are subdivided into fuel
combustion, industrial processes, transportation and solid wastes
(incineration) emissions. These in turn were grouped into large area source
regi
ons
inco
rpor
atin
g as
man
y as
seve
n ai
r qu
alit
y co
ntro
l re
gion
s (A
QCR
).
The total emissions in the year 2000 are calculated by multiplying the
197
4 e
miss
ions
in
each
cate
gory
by
the
appr
opri
ate
grow
th
fact
or
det
erm
ine
d
fro
m
the
ann
ual
gro
wth
rat
es
pre
vio
usl
y p
res
ent
ed
in
Tab
le
5.1.
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GR 25 .
Emission (2000) = 1+ W X Emission (1974)
Where GR is the growth rate from Table 5.1.
This procedure has been illustrated in Table 5.4 for the Chicago area
source.
The industrial process category consists of many industries, each exhibiting
a different growth rate. However, of these, the primary metals, mineral
products
and
petroleum
industries produce
the
majority
of the
atmospheric emissions of 802 and particulates. in the case of Chicago, 80
percent of the $02 and over 90 percent of the particulates emitted from
all industrial processes come from these three categories. The growth
factor indicated
in Table 5.4 for industrial processes
is based
on
a
weighted
average
of
the
growth
rates
for
these
three
industries as
illustrated in Table 5.5.
The
only
exceptions
to
the
procedure
described
above
are
the
single
industrial sources
of Wawa
and
Noranda which
were assumed to remain
constant
through
to
the
year
2000.
It
was
assumed
that
the
Sudbury
sources
will comply
with
Ontario
Ministry
of
the
Environment
Amending
Control
Orders and
that the 802
emissions will decrease to approximately
'30 percent of the 1974 level.
5.3.2 Case 11 — $02 Removal
The
following
assumptions
concerning
the
level
of
802
controls
to
the
year
2000
have
been
based
on
the
conclusions
presented
in
Subsection
5.2.
(a)
Control
technology
will
apply
only
to
that
portion
of
emissions
resulting
from
industrial
processes
and
the
combustion
of
coal
and
petroleum.
(b)
All
growth
to
the
year
1985
will
be
retrofitted
with
control
equipment
having
a
50
percent
recovery
efficiency.
(c)
All
new
installations
after
1985
will
be
fitted
with
new
control
e
q
ui
p
m
e
n
t
having
an
8
0
percent
recovery
efficiency.
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TABLE 5.4
EMISSION
B
R
E
A
K
D
O
W
N
F
O
R
T
H
E
S
O
U
R
C
E
R
E
G
I
O
N
O
F
C
H
l
C
A
G
O
(103 tons per year)
Growth
Air
Quality
Control
Regions
1
9
7
4
Factor
2
0
0
0
9
1
L
1
z
:
8.1.
8
;
S02
Fuel Combustion
Coal
693.0
18.1
53.9
18.8
151.6
935.4
(2.64)
2,469.5
Petroleum
137.6
1.2
2.8
3.5
6.5
151.6
(1.53)
231.9
Natural
gas
1.9
0.0
0.0
0.0
0.0
1.9
(.88)
1.7
industrial
processes
137.6
7.8
0.0
0.0
0.0
145.4
(1.73)*
251.5
Transportation
19.2
0.7
1.4
1.5
3.0
25.8
(1.76)
454
Solid
wastes
3.9
0.1
0.2
0.1
0.2
4.5
(1.26)
5.7
(Incineration)
   
Source Totals
1,264.6
3,005.7
Particulate
Fuel Combustion
Coal
126.7
5.8
14.9
10.8
54.2
212.4
(2.64)
560.7
Petroleum
13.0
0.3
0.6
0.8
1.3
16.0
(1.53)
24.5
Natural gas
4.1
0.1
0.3
0.2
0.3
5.0
( .88)
4.4
Industrial processes
258.9
33.0
3.7
21.6
8.0
325.2
(2.75)*
894.3
Transportation
28.3
1.3
2.6
2.8
5.2
40.2
(1.76)
70.8
Solid wastes 33.6 1.2 2.1 1.5 1.9 40.3 (1.26) 50.8
(Incineration)
Source Totals 639.1 1,605.5
*See Table 5.5.
  
TABLE 5.5
I
N
D
U
S
T
R
I
A
L
P
R
O
C
E
S
S
E
M
I
S
S
I
O
N
B
R
E
A
K
D
O
W
N
F
O
R
T
H
E
S
O
U
R
C
E
R
E
G
I
O
N
O
F
C
H
I
C
A
G
O
(103 tons per year)
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7.
1
7.
3.
*
1
1.3
2.
802
Pr
im
ar
y
me
ta
ls
19
.3
—
—
-
-
19
.3
Mi
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pr
od
uc
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5.
8
6.
3
-
-
—
12
.1
Pe
tr
ol
eu
m
84
.5
—
——
-—
—
84
.5
ﬂéﬂ
19
.3
12
.1
84
.5
' h
t
wt
h
t
=
X
.
+
X4
5
+
X
1.
6
=2
.1
35
we
'g
ed
9'0
'3
8
(1
15
.9
3 0
)
(1
15
.9
>
(1
15
.9
>
Equivalent growth
factor to year 2000 = (1 .02135)26
= 1.73
Air
Qua
lit
y C
ont
rol
Reg
ion
s
Tot
al
«1 7_1 73 91 12
Particulate
Pri
mar
y m
eta
ls
87.
7
-—
1.9
1.2
2.2
93.
0
Min
era
l p
rod
uct
s
150
.3
32.
3
1.8
11.
3
3.8
199
.5
Petr
oleu
m
6.0
—
—
-
0.2
6.2
298.7
. 93.0 199.5 6.2
h
=
‘
+
_
+
=
Wei
g t
ed
gro
wth
rat
e
(29
8.7
x 3
O)
(2
98
]
x4
5)
(29
8.7
x 1
.6)
3.9
73
Equivalent growth
factor to year 2000
(1.03973)26
2.75
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T
h
e
B
u
r
e
a
u
o
f
M
i
n
e
s
r
e
p
o
r
t
,
c
i
t
e
d
i
n
S
u
b
s
e
c
t
i
o
n
5
.
1
,
c
o
n
t
a
i
n
s
d
a
t
a
o
n
t
h
e
i
n
c
r
e
a
s
e
i
n
f
u
e
l
c
o
m
b
u
s
t
i
o
n
t
o
t
h
e
y
e
a
r
1
9
8
5
.
T
h
e
s
e
d
a
t
a
w
e
r
e
u
s
e
d
t
o
p
r
o
d
u
c
e
t
h
e
f
o
l
l
o
w
i
n
g
g
r
o
w
t
h
f
a
c
t
o
r
s
.
F
o
r
c
o
a
l
c
o
m
b
u
s
t
i
o
n
t
h
e
g
r
o
w
t
h
f
a
c
t
o
r
s
f
r
o
m
1
9
7
4
t
o
1
9
8
5
a
n
d
1
9
8
6
t
o
2
0
0
0
a
r
e
1
.
6
1
4
a
n
d
1
.
6
3
5
r
e
s
p
e
c
t
i
v
e
l
y
.
F
o
r
p
e
t
r
o
l
e
u
m
c
o
m
b
u
s
t
i
o
n
t
h
e
s
e
g
r
o
w
t
h
f
a
c
t
o
r
s
b
e
c
o
m
e
1
.
3
6
2
a
n
d
1
.
1
2
2
.
T
h
e
g
r
o
w
t
h
f
a
c
t
o
r
s
t
h
a
t
a
p
p
l
y
t
o
i
n
d
u
s
t
r
i
a
l
p
r
o
c
e
s
s
e
s
h
a
v
e
b
e
e
n
b
a
s
e
d
o
n
a
u
n
i
f
o
r
m
g
r
o
w
t
h
r
a
t
e
.
F
o
r
e
x
a
m
p
l
e
,
t
h
e
e
s
t
i
m
a
t
e
d
g
r
o
w
t
h
r
a
t
e
f
o
r
C
h
i
c
a
g
o
b
a
s
e
d
o
n
t
h
e
i
n
d
u
s
t
r
i
a
l
b
r
e
a
k
d
o
w
n
p
r
e
s
e
n
t
e
d
in
T
a
b
l
e
5
.
5
is
2
.
1
3
5
p
e
r
c
e
n
t
per year.
Therefore,
the growth factor
f
r
o
m
1
9
7
4
t
o
1
9
8
5
=
(
1
.
0
2
1
3
5
)
1
1
= 1.26
Similarly,
the growth factor
f
r
o
m
1
9
8
5
t
o
2
0
0
0
=
(
1
0
2
1
3
5
1
1
5
= 1.37
and
the combined growth
factor from 1974 to
2
0
0
0
=
1.26
x
1.37
= 1.73
as
indicated
in
T
a
b
l
e
5.4.
Using
these
growth
factors,
the
$02
emissions
for
the
year
2000
were
calculated as follows.
Assuming
a
50
percent
efficiency
on
retrofits
to
the
year
1985
and
80
percent
efficiency
on
new
installations
after
1985,
the
emissions
in
2000
are
Emission
(2000)
=
33x
{ [Emission (1985)
x B]
—
Emission
11985)}
100
+
2
x
{
E
m
i
s
s
i
o
n
(
1
9
8
5
)
}
100
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where
B is the growth factor from 1985 to 2000.
But,
Emission (1985) = A x Emission (1974)
where
A is the growth factor from 1974 to 1985.
Therefore,
Emission (2000) = { A +[—A-)éﬂ-3;uanmission (1974)
Based on this equation the growth factors appropriate for the Chicago
emissions of $02 in the year 2000 are
 
1.614 1.635—1
coal =[ 2 +1.614 x
= 1.012
.362 + 1.362 x (1.122 — 1)]
1
petroleum —[ 2 5
= .714
 
and
in
du
st
ri
al
pr
oc
es
se
s
[
1
‘
3
6
4,
1
2
6
X
(
1
3
7
5
—
1)
]
= .723
The
growth
factors
far
all
other
emissions
are
the
same
as
for
the
uncontrolled case.
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5
.
3
.
3
C
a
s
e
lll
—
N
o
I
n
c
r
e
a
s
e
i
n
N
u
c
l
e
a
r
P
l
a
n
t
s
A
f
t
e
r
1
9
8
5
A
s
i
n
d
i
c
a
t
e
d
i
n
S
u
b
s
e
c
t
i
o
n
5
.
1
,
t
h
e
m
o
s
t
v
a
r
i
a
b
l
e
a
s
p
e
c
t
o
f
f
o
r
e
c
a
s
t
s
r
e
l
a
t
i
n
g
t
o
c
o
a
l
c
o
m
b
u
s
t
i
o
n
is
t
h
e
u
n
c
e
r
t
a
i
n
t
y
i
n
t
h
e
e
l
e
c
t
r
i
c
g
e
n
e
r
a
t
i
o
n
s
e
c
t
o
r
a
s
t
o
t
h
e
u
s
e
o
f
n
u
c
l
e
a
r
p
o
w
e
r
p
l
a
n
t
s
.
C
a
s
e
lll
a
s
s
u
m
e
s
t
h
e
e
x
t
r
e
m
e
c
o
n
d
i
t
i
o
n
i
n
w
h
i
c
h
all
n
e
w
t
h
e
r
m
a
l
e
l
e
c
t
r
i
c
g
e
n
e
r
a
t
i
o
n
a
f
t
e
r
1
9
8
5
is
p
r
o
d
u
c
e
d
b
y
c
o
a
l
-
f
i
r
e
d
p
l
a
n
t
s
.
T
h
e
n
u
c
l
e
a
r
e
n
e
r
g
y
e
s
t
i
m
a
t
e
s
f
r
o
m
t
h
e
B
u
r
e
a
u
o
f
M
i
n
e
s
r
e
p
o
r
t
w
e
r
e
c
o
n
v
e
r
t
e
d
t
o
c
o
a
l
c
o
n
s
u
m
p
t
i
o
n
a
s
s
u
m
i
n
g
a
3
3
p
e
r
c
e
n
t
c
o
n
v
e
r
s
i
o
n
e
f
f
i
c
i
e
n
c
y
f
o
r
n
u
c
l
e
a
r
p
l
a
n
t
s
a
n
d
a
4
0
p
e
r
c
e
n
t
c
o
n
v
e
r
s
i
o
n
e
f
f
i
c
i
e
n
c
y
f
o
r
f
o
s
s
i
l
-
f
u
e
l
e
d
p
l
a
n
t
s
.
W
h
e
n
t
h
i
s
a
d
d
i
t
i
o
n
a
l
c
o
n
s
u
m
p
t
i
o
n
is
a
d
d
e
d
t
o
t
h
e
p
r
e
v
i
o
u
s
l
y
c
a
l
c
u
l
a
t
e
d
c
o
a
l
g
r
o
w
t
h
f
a
c
t
o
r
,
t
h
e
m
o
d
i
f
i
e
d
g
r
o
w
t
h
f
a
c
t
o
r
f
r
o
m
1
9
8
5
t
o
2
0
0
0
is
2
.
9
7
8
.
T
h
i
s
r
e
p
r
e
s
e
n
t
s
a
n
a
n
n
u
a
l
g
r
o
w
t
h
r
a
t
e
d
u
r
i
n
g
t
h
i
s
p
e
r
i
o
d
o
f
7
.
5
p
e
r
c
e
n
t
.
S
i
n
c
e
t
h
e
a
s
s
u
m
p
t
i
o
n
s
c
o
n
c
e
r
n
i
n
g
5
0
2
c
o
n
t
r
o
l
l
e
v
e
l
s
a
r
e
i
d
e
n
t
i
c
a
l
t
o
t
h
o
s
e
u
s
e
d
in
C
a
s
e
ll,
t
h
e
f
i
n
a
l
8
0
2
e
m
i
s
s
i
o
n
s
f
r
o
m
c
o
a
l
c
o
m
b
u
s
t
i
o
n
c
a
n
b
e
c
a
l
c
u
l
a
t
e
d
f
r
o
m
t
h
e
e
q
u
a
t
i
o
n
3
3
+
[
A
x
i
C
-
—
1
)
2
5
]
}
x
E
m
i
s
s
i
o
n
(
1
9
7
4
)
E
m
i
s
s
i
o
n
(
2
0
0
0
)
=
{
where
A
is
t
h
e
g
r
o
w
t
h
f
a
c
t
o
r
f
r
o
m
1
9
7
4
t
o
1
9
8
5
and
C
is
the
modified
growth
factor
indicated
above.
All
other
emission
categories
are
the
s
a
m
e
as
those
used
in
Case
ll.
Projected Loadian
T
h
e
projected
loadings
of
particulates
and
sulphates
are
presented
in
Table
5.6
The
particulate
loadings
have
been
given
for
1974
and
2000
with
and
without
nuclear
power.
T
h
e
sulphate
loadings
are
for
1974
and
2
0
0
0
for
the
three
cases
p
r
e
s
e
n
t
e
d
in
S
u
b
s
e
c
t
i
o
n
5.3.
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PARTmULATES SULPHATES
I06 kg PER YEAR I06 kg PER YEAR
I974 2000' 20002 I974 20003 20004 20005
LAKESUPERIOR
4I
I03
I38
2I5
I7I
2I9
AMERICAN DRAINAGE
2 0
5 0
6 4
9 |
7 6
I 0 6
CANADIAN DRAINAGE
35
8 8
I 2 8
I 9 I
I 5 8
I 9 0
LAKEHURON
53
I33
I90
379
289
376
AMERICAN DRAINAGE
3 8
9 7
I 4 5
2 4 4
2 2 9
3 0 0
CANADIAN DRAINAGE
6 7
I 7 3
2 4 3
5 5 8
3 7 7
4 8 0
LAKEMICHIGAN
56
I43
I94
326
i
298
4I7
DRAINAGE
I04
268
368
585
539
752
LAKEERIE
4I
I04
I48
27I
250
350
AMERICAN DRAINAGE
7 5
I 9 0
2 7 3
4 6
I
4 3 5
5 9 7
CANADIAN
DRAINAGE
3 o
7 7
I I 2
2 o 3
g
I 9 4
2 5 9
I
LAKEONTARIO
2|
52
76
I2I
I I4
I48
AMERICAN
DRAINAGE
3
7
9
3
I 2 4
2
0
I
I
I 7
5
2
4
9
CANADIAN
DRAINAGE
2
8
7
I
I 0
2
I
6
7
I 5
2
I 9
9
   
NOTE
2000'-
20002-
20003-
2000“—
2000 5 —
BASED
ON
PROJECTED
INCREASE
OF
EMISSION
SOURCES
TO
THE
YEAR 2000
GROWTH
RATES
ARE
IDENTICAL
T0
2000l
EXCEPT
THAT
ALL
PROJECTED
ELECTRICAL
ENERGY
AFTER
’985
HAS
BEEN
ASSUMED
TO
BE
COAL
FIRED
BASED
ON
PROJECTED
INCREASE
OF
EMISSION
SOURCES
TO
THE
YEAR
2000
ASSUMING
N0
502
REMOVAL
ASSUMING
50°/o
REMOVAL
OF
$02
3N
INCREASE
0F
EMISSION
SOURCES
UP
TO
|985
AND
80°/o
REMOVAL
B
E
T
W
E
E
N
I986
AND
2000
IN
ADDITION
TO
THE
S
A
M
E
SOz
R
E
M
O
V
A
L
AS
2000“,
ALL
PROJECTEC
ELECTRICAL
ENERGY
AFTER
I985
HAS
BEEN
ASSUMES
TO
BE
COAL
FIRED
P
R
O
J
E
C
T
E
D
L
O
A
D
I
N
G
S
TABLE 56
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Assuming
that
802
emissions
are
controlled
to
the
degree
indicated
in
Case
Hi,
the
most
significant
effect
of
switching
to
coal
from
nuclear
would
be
the
increase
in
particulate
loadings.
Particulates
are
presently
controlled
to
a
high
degree,
thus
allowing
little
scope
for
improvement.
Loading
contours
for
all
but
the
no-nuclear
power
situations
have
been
presented
in
Figures
5.1
to
5.5.
The
general
gradient
from
south
to
north
is
apparent
in
all
cases.
The
high
sulphate
loadings
generated
in
the
Sudbury
region
during
1974
become
less significant
in
the
year
2000,
assuming
that
proposed
control
measures
are
instituted
at
the
same
time
as
there
is a
general
increase
in
$02
emissions
to
the
south.
When
802
controls
are
applied
throughout
the
study
region
the
sulphate
loadings
in
the
vicinity
of
Sudbury
actually
show
an
improvement.
In
considering
the
contour
maps
it
is
important
to
note
that
there
has
been
no
redistribution
of
industry
within
the
study
area
in the year
2000.
For this reason
Case
lll
was
considered
too
speculative
to
Justify
contouring.
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 APPENDIX 2
SE
AS
ON
AL
VA
RI
AT
IO
NS
IN
LO
AD
IN
G
RA
TE
S —
MATHEMATICAL MODEL
Se
as
on
al
loa
din
g
rat
es
for
$0
4
NO
x
an
d
par
tic
ula
tes
ha
ve
be
en
pr
es
en
te
d
in
Tab
les
A2.
1
thr
oug
h
A2.
3.
It
is
imp
ort
ant
to
not
e t
hat
emi
ssi
on
rat
es
as
inp
ut
to
th
e
mo
de
l
ar
e
ye
ar
ly
av
er
ag
e
va
lu
es
an
d
as
su
ch
do
no
t
re
pr
es
en
t
th
e
se
as
on
al
va
ri
at
io
ns
th
at
ar
e
lik
ely
to
oc
cu
r
as
a
res
ult
of
wi
nt
er
he
at
in
g
re
qu
ir
em
en
ts
,
ch
an
ge
s
in
ind
ust
ria
l
pr
od
uc
ti
on
s,
etc
.
Th
e
va
ri
at
io
ns
th
at
ap
pe
ar
in
th
es
e
ta
bl
es
ar
e
me
re
ly
a
fu
nc
ti
on
of
th
e
se
as
on
al
ch
an
ge
s
in
me
te
or
ol
og
y
fo
r
th
e
ye
ar
19
74
.
Th
e
dr
ai
na
ge
are
as
to
wh
ic
h
the
se
rat
es
ap
pl
y
are
giv
en
in
Su
bs
ec
ti
on
4.2
of
the
main report.
 
 TABLE A2.1
SEASONAL VARIATIONS IN so4
LOADING RATES (Mg/cmz/day)
BY DRAINAGE ZONES
 
Zone
NO.
Spring
Summer
Autumn
Winter
1
1
.4
1.0
.6
.4
2
.3
.6
.5
.3
3
.5
1.2
.8
.6
4
.5
1.1
1.4
1.0
5
1.3
.9
1.6
1.3
6
1.8
1.9
3.7
2.2
7
1.5
1.7
2.9
1.8
8
1.3
1.4
1.8
1.1
9
1.0
1.1
1.0
1.0
10
1.1
1.4
1.3
1.4
11
1.5
2.0
1.6
1.9
12
1.4
1.9
1.4
1.4
13
1.5
1.9
1.4
1.4
14
1.7
2.1
1.8
1.9
15
1.9
2.3
1.8
1.9
16
1.9
2.4
1.8
1.9
17
2.5
3.1
2.4
2.6
18
2.3
2.9
2.0
2.4
19
1.7
1.8
1.8
1.6
20
1.2
1.6
1.4
1.4
21
1.8
2.2
2.1
2.1
22
2.4
3.1
3.0
2.7
23
3.2
3.7
3.2
3.1
24
2.2
2.2
1.9
2.1
25
2.6
2.4
1.9
2.6
26
2.0
2.1
1.6
2.0
27
2.2
2.2
1.9
2.2
28
1.6
2.0
1.5
1.6
29
1.0
1.2
1.3
1.0
30
1.1
1.2
1.4
1.0
31
.7
.9
1.4
.8
32
.7
1.2
1.2
.7
33
1
7
2.0
1.8
1.6
‘
34
.6
1.6
1.1
.6
35
.5
2.4
.7
.4
,
36
4
1.2
.5
.4
i
37
1
0
1.0
1.6
1.0
 
  
TABLE A2.2
 
SEASONAL VARIATIONS IN Nox
LOADING RATES (ug/cmzlday)
BY DRAINAGE ZONES
Zone No. Spring
1 .09
2 .06
3 .08
4 .14
5 .20
6 .20
7 .20
8 .24
9 .24
1o .32
11 .49
12 .38
13 .37
14 .49
15 .53
16 .55
17 .78
18 .70
19 .35
2o .43
21 .57
22 .70
23 .97
24 .72
25 .88
26 .67
27 .72
28 .55
29 .35
30 .32
31
.2
6
32 .27
33 .66
11
3
4
.1
8
35 .16
36 .13
37 .22
 J
_
_
_
_
_
_
_
_
_
.
Summer
.09
.06
.09
.25
.39
.38
.35
.36
.42
.46
.70
.53
.54
.69
.73
.76
1.00
.89
.53
.56
.73
.95
1.08
.77
.93
.76
.86
.70
.50
.45
.34
.38
.80
.26
.20
.17
.39
w
.1 1
.08
.13
.28
.38
.34
.33
.38
.32
.44
.61
.50
.48
.61
.57
.63
.86
.74
.51
.48
.69
.91
1.07
.78
.83
.71
.81
.68
.56
.55
.46
.46
.84
.33
.22
.17
.48
Winter
.10
.07
.10
.18
.24
.25
.27
.32
.35
.49
.69
.50
.47
.64
.65
.67
.88
.81
.47
.50
.72
.86
.97
.71
.95
.76
.82
.61
.40
.37
.29
.29
.64
.20
.15
.12
.27
 
  
TABLE A2.3
SEASONAL VARIATIONS IN PARTICULATE
LOADING RATES (ug/cmzlday)
BY DRAINAGE ZONES
Zone No.
(
D
m
N
m
L
H
-
t
h
-
i
§£Lins_
.08
.06
.08
.10
.12
.13
.14
.16
.15
.19
.24
.19
.19
.25
.26
.26
.35
.29
.18
.21
.29
.35
.47
.37
.39
.33
.30
.26
.16
.15
.14
.12
.27
.11
.09
.08
.13
Summer
.12
.09
.13
.17
.20
.21
.22
.26
.25
.26
.36
.33
.34
.41
.45
.46
.50
.31
.30
.41
.55
.59
.39
.40
.37
.38
.26
.26
.22
.19
.35
.19
.13
.12
.24
Autumn
.13
.11
.16
.29
.33
.28
.30
.17
.23
.29
.20
.20
.29
.27
.26
.34
.26
.29
.27
.35
.47
.46
.30
.24
.24
.26
.24
.25
.27
.32
.25
.26
.26
.15
.12
.40
  
Winter
.08
.06
.08
.11
.14
.14
.16
.18
.17
.29
.36
.22
.20
.29
.29
.28
.41
.36
.20
.29
.38
.46
.50
.39
.42
.35
.32
.28
.15
.13
.14
.12
.27
.1 1
.08
.07
.15
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APPENDIX 3
UPPER GREAT LAKES LOADING ESTIMATES
AND TRANSBOUNDARY LOADING OF $04,
PHOSPHATE AND TRACE METALS
From Acres— ESC 1975.
 IOSkg PER YEAR
 
              
LAKE SUPERIOR LAKE HURON
PARAMETERS
EASTERN IWESTERNI
TOTAL
NORTHERN SOUTHERN IGEORGBAY II TOTAL
so
PC
//0
I
//0
I
220
90
70
70
230
4
MM
/40 1
70 I
2/0
/30
//0
/40 II
360
II
N
PC
36
I
/6
56
22
12
/9 “I
52
MM
/0
7
/7
//
/2
6
I
3/
PC
NA
NA
NA
90
/40
i
/20
I
350
PART'C'
MM
25
I6
4I
2I
I7
1
I5 I;
53
T03
PC
66
52
120
42
30
‘
36
g:
//0
65
MM
NA
NA
NA
NA
NA
NA
I}
NA
IO3kg PER YEAR
'1
TP
PC
200
260
460
2/0
/60
/40
;;
5/0
MM
/50
//0
260
//0
90
60
260
T
CL
PC
36000
/9000
55000
20000
/3000
/6000
‘ 49000
MM
I IO
80
I90
80
60
60
200
Si 0
PC
/5000
// 000
26 000
4 900
2600
/ 700
9200
2
MM
NA
NA
NA
NA
I
NA
NA
,
NA
C
PC
I5 000
I8000
33000
30000
I240000
I0000
280000
°
MM
800
500
I300
630
I
5 I 0
460
I600
M
PC
3800
I800
5600
4
IOO
2600
I500
8200
9
MM
360
240
600
290
230
2I0
730
No
PC
5000
I0000
I5000
I9000
23000
3000
. 45000
MM
230
I40
370
I80
I50
I40
470
K
PC
5000
8000
I3000
2 I 000
9000
2000
32 000
MM
700
400
I IOO
550
450
400
:
I400
Cd
PC
43
I2
55
42
/7
20
79
MM
20
/4
34
x5
/3
//
39
Pb
PC
360
290
650
290
/70
320
780
MM
470
3/0
760
370
320
270
960
Ni
PC
67
53
/20
36
44
/30
T
2/0
MM
29
I8
47
24
1
I9
2I
‘_
64
C
PC
230
/40
370
220
'
/20
420
760
“
MM
27
I7
44
22
I7
20
59
Fe
PC
7600
2/00
‘
9700
/300
=
900
2400
4600
MM
2500
I
/600
4/00
1
2/00
I
/700
/500
5300
NOTE
PC - PRECIPITATION CHEMISTRY
MM - MATHEMATICAL MODEL
NA - NOT AVAILABLE
PREFERRED VALUE ~ eg 220
WHEN BOTH VALUES OFA PAIR ARE
MARKED PREFERRED, USE THE LARGER
ONE TO BE CONSERVATIVE
LOADING ESTIMATES
TABLE 4.5
  
.-
-
.
           
SOURCE
LAKE
SUPERIOR
LAKE
HURON
AMERICAN ICANADIAN I TOTAL
AMERICAN CANADIAN 1 TOTAL
CHICAGO
7.0
5.2
I
6.2
5.4
3.5
;
4.1
SAGINAW
4.7
3.5
‘
4.1
1
14.3
7.1
1
9.4
DETROIT
4.4
,
4.5
I
4.4
;
I
13.0
,
9.2
|
10.4
GREEN
BAY
3.1
2.0
3
2.6
!
'
1.6
3
.9
l
1.1
I
DULUTH
3.1
.8
1
2.2
.3
§
2
I
.2
;
MINNEAPOLIS
2.6
5
1.4
T
2.1
I
.8
‘
.6
.6
j
WISCONSIN
1.7
i
.9
1.4
.4
.3
1
.3
:
MILWAUKEE
2.6
1
1.8
E
2.3
I
1.6
‘
1.0
1.2
’
QUAD
CITIES
6.1
1
3.9
,‘
5.1
1
2.8
j
2.0
f
2.2
ST.
LOUIS
8.2
6.0
1
7.2
4.9
‘
3.5
i
3.9
CINCINNATI
7.3
5.7
6.5
‘
6.7
3
4.7
I
5.3
MICHIGAN
4.1
2.0
C
3.2
:
2.2
i
1.5
1
1.7
TOLEDO
2.0
1.8
1
2.0
3.8
g
2.7
1
3.0
CLEVELAND
1.9
1.7
v
1.8
I
4.2
T
3.9
1
4.0
OHIO
2.3
1.9
’
2.1
‘
2.9
2.7
2.8
PITTSBURG
4.1
,
3.1
I
3.6
I
5.1
j
55
1
5.4
'
PENNSYLVANIA
1.0
.7
.9
i
1.4
'
1.8
l
1.5
SOUTHERN
TIER WEST
. I
. 1
.
. I
I
. 1
r
.2
.2
ROCHESTER
.1
.1
l
.I
.2
.2
.2
BUFFALO
<.I
;
<.I
<.1
‘
I
.2
t
.2
1 .
AMERICAN TOTAL 66.4 7 47.1 57.9 I T 71.8 51.5 i 57.7
TORONTO
1.2
1.1
|
1.2
'
2.0
2.3
b
2.0
i
SUDBURY
11.8
15.4
I
13.0
.
17.9
g 38.6
32.4
THUNDER BAY
1.0
1.6
i
2.6
I
.1
g
.1
T
.1
j
SAULT ST. MARIE
.8
.3
3
.6
.3
f
.2
I
.2
MONTREAL
.4
.4
.4
.2
I
2
1
.2
I
SARNIA
1.0
1.2
'
1.1
3.8
2.9
3.2
NORTHERN ONTARIO
13.1
28.9
19.0
1.2
.8
1
.9
SOUTHERN ONTARIO
.2
.2
I
.2
5
4
I
.5
NORANDA
2.5
2.5
2.5
1.6
I
2 5
2.3
MANITOBA
1.6
1.3
1.5
.6
i
5
5
i
CANADIAN TOTAL
33.6
52.9
42.1
26.2
' 48.5
i 42.3
1
NOTE
LOADINGS ARE PRESENTED AS
PERCENTAGE OF THE FOLLOWING
TOTAL LOADINGS
(10% PER YEAR) 127 83 210 I. | 16 264 380
TRANSBOUNDARY LOADINGIOF 804 I _ TA8LE 5.1
             
SO
UR
CE
LAK
E S
UPE
RIO
R
LAK
E H
URO
N
.AM
ERI
CAN
ICA
NAD
IAN
I
TOT
AL
AME
RIC
ANI
CAN
ADI
ANI
TOT
AL
.
CHIC
AGO
I33
I4.2
I35
I40
‘ I
24
I32
.
‘
SAGI
NAW
2.I
i
22
‘
2.I
6.I
.
4.4
5.0
DETRO
IT
I 3
.5
I 4
.8
4.0
IO.5
9.8
IO.I
I
GREE
N BAY
‘ 4
.5
4.4
4.5
;
3.5
2.9
3.I
DULU
TH
9.0
5.7
7.7
2.5
i
2.I
2.2
i
MINN
EAPO
LIS
2.5
2.2
2.4
I
I6
I
I.4
I 5
'
WISC
ONSI
N
I
5.6
4.4
5.2
i
; 2
.5
2.I
2.2
MILWAUKEE I 4.0 4.0 4.0 I 1 3.5 3.I 3.2
QUAD
CITI
ES
3.8
3.5
3.7
I
I
2.6
2.5
2.5
ST. LO
UIS
5.2
3 5.
I
5.2
i
I 4
.7
4.3
4. 5
L
CINC
INNA
TI
7.4
8.0
7.8
9.8
;
8.9
9.2
MICHIGAN 8.2 I 4.4 6.9 . 3.6 I 4.I 3.9
TOLE
DO
2.6
I 3.
|
2.8
I
, 5
.7
5.5
5.5
'
CLE
VEL
AND
| .9
I
2.2
2.0
I
5.2
6.2
5. 8
OHIO 2.3 2.7 2.5 I 4.5 5.2 5.0
PITTSBURG I. I |.2 I. I I 2.0 2.7 2.4
PENNSYLVANIA 9 .9 .9 I I6 2.3 2.I
SOUTHERN TIER WEST .I I .I .I e .2 .3 .3 I
ROCHESTER .2 I .2 .2 I .3 .4 ,4 ‘
BUFF
ALO
2
I
3
2 I
I
.4
.6
.5
t
.
I I I I I
AMER
ICAN
TOTA
L
78.4
I 7
3.6
I 7
6.6
I
I 84
.8
8I.2
82.6
TORONTO I5 I I9 I I.7 I I 3. I 4.0 3.7
SUDBURY .2 I .3 i .2 z .3 V .7 5
THUNDER BAY 3.6 I 5.7 I 4.3 I .6 I .8 7
SAULT ST. MARIE 3.7 I I7 3.I 1.0 I I6 I.4
MONTREAL 3.3 I 4.5 3.7 I ' 2.5 3.7 3.2 I
SARNIA .I ‘ .I .I I .3 .3 3
NORTHERN ONTARIO I0 I 2.7 1.6 i .2 ' ,I . I
SOU
THE
RN O
NTAR
IO
.3
I
.7
.5
I
2.I
I
2.3
2.3
NORANDA .4 .6 .5 .4 I .6 5
MANITOBA 7.5 f 8.2 7.7 4.7 s 4.7 4.7 ‘
I I
I I
CANADIAN TOTAL 2I .6 I 26.4 23.4 I I52 I I88 I74
NOTE
LOADINGS ARE PRESENTED AS
PERCENTAGE OF THE FOLLOWING
TOTAL LOADINGS
(IO3 kg
PER Y
EAR)
I74
86
260
I00
I80
280
I
TR
AN
SB
OU
ND
AR
Y
LOA
DIN
G O
F P
HOS
PHA
TE
TABL
E 5.2
 
   
 
         
SOURCE
LAKE
SUPERIOR
3
LAKE
HURON
IAMERICAN
ICANADIAN
TOTAL
AMERICAN
CANADIAN
TOTAL
CHICAGO
9.7
9.9
i
9.8
.
8.4
7.5
7.8
SAGINAW
4.8
4.9
4.8
,
‘
II.4
8.3
9.4
DETROIT
5.4
7.2
J
6.0
3
I35
I26
I30
7
GREEN
BAY
3.5
3.3
3.5
E
2.3
I.9
2.0
DULUTH
3.8
2.3
~
3.3
I‘
.8
.7
.8
!
MINNEAPOLIS
2.6
2.3
I
2.5
1
L
4
|.2
I.3
WISCONSIN
2.6
2.0
2.4
IO
.8
.9
MILWAUKEE
3.2
3.I
I
3.2
-
2.3
2.0
,
2.I
I
QUAD
CITIES
4.6
4.2
4.4
I
2.6
;
2.5
2.6
g
ST.
LOUIS
7.3
7.I
7.2
5.5
5.0
5.2
‘
CINCINNATI
IO.|
I08
I04
'
II.I
I0.I
IO.5
MICHIGAN
I2.4
6.8
I0.5
5.2
5.6
5.4
TOLEDO
4.I
5.0
I
4.4
-
7.6
7.3
7.4
.
CLEVELAND
2.8
3.2
§
2.9
6.4
3
7.7
‘
7.2
E
OHIO
4.4
4.8
'
4.5
6.8
8.0
E
7.6
PITTSBURG
2.9
3.0
3.0
4.2
I
5.8
7
5.2
'
PENNSYLVANIA
I.9
I.9
L9
2.9
:
4.3
3.8
SOUTHERN
TIER
WEST
.2
‘ .3
.2
.3
T
.6
.
.5
ROCHESTER
.3
.3
.3
.3
E
.4
‘
.4
.
BUFFALO
2
.3
.2
.3
I
.5
I
.4
I
I
I
AMERICAN
TOTAL
86.8
82.7
85.4
94.3
7
92.8
93.5
3
TORONTO
.5
.6
5
.8
;
I.I
I.0
!
SUDBURY
.l
.2
.I
.2
.3
j
.2
THUNDER
BAY
I.9
3.0
2.3
.3
!
.3
I
.3
SAULT
ST.
MARIE
5.4
2.5
44
I2
I
I9
I.6
MONTREAL
.8
I0
9
.5
.7
i
.6
SARNIA
.I
.2
.I
I
.3
.3
l
.3
NORTHERN
ONTARIO
3.2
8.2
4.9
I
.4
.3
i
.4
SOUTHERN ONTARIO
.3
.6
4
I5
I.
;
I.
NORANDA
.2
.3
3
.2
‘
.3
I
.2
MANITOBA
.7
.7
I
7
.3
:
.3
g
.3
CANADIAN TOTAL
I32
I73
l4.6
'
5.7
F
7.2
6.5
NOTE‘ LOADINGS ARE PRESENTED AS PERCENTAGE OF THE FOLLOWING TOTAL LOADINGS
(103kg PER YEAR)
3300
I700
5000
2300
4200
6500
CONSTITUENT Fe Pb NI Cu Cd
%OFTOTAL j82.3 I5.2 I.0
    
.
W
“
.
.
.
‘
4
‘
 
TRANSBOUNDARY
LOADING
OF TRACE
METALS
TABLE5.3
  
